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MEETING  OF  THE  STANDARDS 
COMMITTEE 

The  Standards  Committee  of  the  Society  held  a  meet- 
ing on  Feb.  4  to  pass  upon  the  work  accomplished  since 
the  Semi-Annual  Meeting  held  at  Dayton  in  June,  1918. 
Chairman  B.  B.  Bachman  presided  and  consideration  was 
given  to  thirty-one  reconunendations  submitted  by  the 
Ball  and  Roller  Bearings,  Chain,  Electrical  Equipment, 
Engine,  Miscellaneous,  Springs,  and  Tire  and  Rim  Divi- 
sions. 

The  reports  as  finally  accepted  by  the  Committee  and 
reported  to  the  meeting  of  the  Society  on  the  following 
day  are  given  on  the  following  pages,  together  with  the 
discussion  at  the  meeting  of  the  Standards  Committee. 
[All  S.  A.  E.  Handbook  page  references  refer  to  the 
Handbook  as  of  February,  1919] 

Ball  and  Roller  Bearings  Division 

{Report  as  adopted  by  the  Society) 
Annvlwr  Ball  Bearings,  Separable   {Open)   Type 

The  proposed  sizes  of  separable  (open)  type  bearings 
which  are  recommended  as  S.  A.  E.  Standard  are  com- 
plete with  the  exception  of  the  tolerances,  which  are  yet 
io  be  decided.  These  bearings  are  extensively  used  in 
magnetos  and  other  small  types  of  machines. 
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NOTE.— For  temponture  of 
book,  Tol.  I.  pftge  39oo. 
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Sbpababia   (Opbn)   Ttpb  op  An- 
nular Bai^  Bbarino 

Anntdar  Bail  Bearings,  Extra  SmaU  Series 

This  series,  which  is  recommended  as  an  S.  A.  E. 
Standard,  is  complete  with  the  exception  of  all  tolerances, 
which  are  yet  to  be  decided.  It  is  intended  for  use  in 
airplane  sheave  pulleys  and  si>ecial  apparatus. 


f-t  -^ 


Extra  Hmaix  Sbribs  of  Annular 
Ball  Bbarino 
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NOTE.— For  t«np«nilart  of  maMartment  and  definition  of  aooentrioity.  see  8.  A.  B.  Hand- 
book, ToL  I,  psfs  39oe. 

Angidar  Contact  Bail  Bearings 

The  Division  recommends  that  the  following  paragraph 
be  printed  in  the  Handbook,  instead  of  duplicating  the 
tables  already  printed  for  the  regular  Annular  Ball 
Bearings. 

"Ball  bearings  of  the  angular  contact  tjrpe  are  identical 
in  sizes  and  boundary  dimensions  with  S.  A.  E.  Standard 
Annular  Ball  Bearings  in  the  Light,  Medium  and  Heavy 
Series,  as  printed  on  pages  29,  29a  and  29b,  S.  A.  E. 
Handbocdc,  vol.  I.'' 

In  presenting  the  report  of  the  Division,  F.  G.  Hughes, 
chairman,  said  that  the  series  of  separable  (open)  type 
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bearings  had  been  known  to  the  members  in  the  past  as 
magneto  bearings,  which  found  their  first  use  in  mag- 
netos and  similar  small  electric  apparatus  not  only  in  this 
country  but  abroad.  The  list  of  bearings  showed  a  rather 
logical  progression  as  to  bore  sizes,  but  the  progression 
of  the  outside  diameters  was  not  regular.  The  only 
plea  that  could  be  put  forward  for  the  list  as  it  now  stood 
was  that  it  had  met  almost  universal  practice  not  only 
here  but  abroad  for  the  purpose  for  which  these  bearings 
were  intended.  So  many  thousands  and  possibly  millions 
of  these  bearings  are  out  and  constantly  being  manu- 
factured to  these  dimensions  that  it  would  seem  ahnost 
impossible  to  throw  them  out  and  standardize  a  series  oi 
bearings  not  required  where  this  present  list  apparently 
meets  all  requirements. 

Chain  Division 

(Report  as  adopted  by  the  Society) 

Roller  Chain  Nomenclature 

The  Chain  Division,  which  has  been  working  jointly 
with  the  A.  S.  M.  E.  Steel  Roller  Chain  Committee, 
recommends  changing  the  standard  roller  chain  desig- 
nation from  "Universal  No."  to  "Manufacturer's  Stand- 
ard No."  This  change  will  be  incorporated  in  the  pres- 
ent S.  A.  E.  Recommended  Practice  for  Roller  Chain 
Dimensions,  as  given  on  page  14c,  S.  A.  E.  Handbook, 
vol.  I,  which  practice  was  adopted  in  1918  as  a  war-time 
standard. 


Manufacturer's 

Chain 

Roller 
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Pitch 

Width' 

Diameter 
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M 
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0.306 

2K 
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0.400 
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Yi 
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»Xi 

4 

1 

% 

X 
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IK 

% 

8 

6 

IH 

1 

7 

1« 

1 

8 

2 

IH 

Ih 

10 

2H 

l« 

W. 

DimensioDfl  are  in  inches. 

*  Distance  between  the  inside  platea. 
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Engine  Division 

{Report  as  adopted  by  the  Society) 

Engine  Support  Arms  for  Trucks  Only 

The  Engine  Division  recommends  as  S.  A.  E.  Recom- 
mended Practice  engine  rear  support  arms  in  two  sizes, 
the  large  size  for  the  No.  1  S.  A.  E.  fljrwheel  housing 
and  the  small  size  for  the  Nos.  2,  3  and  4  S.  A.  E.  fly- 
wheel housings.  Further  standardization  to  include  the 
front  rocker  bearing  is  being  considered  by  the  Divi- 
sion, and  if  it  seems  desirable  to  standardize  this  part 
of  the  mounting  a  recommendation  will  be  made  at  a 
later  date. 


S.  A.  E. 
Flywheel 
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24« 
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2% 

2H 
2ft 
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0.760 
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K. 

Nob.  2.  3  and  4... 
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Electrical  Equipment  Division 

(Report  as  adopted  by  ike  Society) 
Barrel  Mounting  for  Starting-Motors 

The  barrel  or  cylindrical  type  of  starting-motor  mount- 
ing has  come  into  more  or  less  general  use,  and  the  Di- 
vision recommends  the  accompanying  drawing  for  adop- 


TTT if 


tion  as  S.  A.  E.  Recommended  Practice.  It  is  the  opinion 
of  the  Division  that  this  mounting  should  be  used  only  for 
outboard  mesh  installations,  as  it  is  not  considered  a 
suitable  tyx>e  for  inboard  constructions.    The  mounting 
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consists  of  a  cylindrical  portion  of  the  gearshift  hous- 
ing sliding  into  a  bored  hole  in  the  bell-housing,  the 
length  of  which  is  about  two-thirds  the  diameter  of  the 
bore.  The  motor  is  locked  in  position  by  a  screw  through 
the  bell  housing  entering  a  tapered  hole  in  the  cylin- 
drical portion  of  the  gearshift  housing.  This  mounting 
is  for  use  with  the  standard  eleven-tooth  pinion  as- 
sembly. 

THE    DISCUSSION 

R.  J.  Broege:  Is  the  location  of  the  gear  on  the  fly- 
wheel given  in  the  same  relation  from  the  flange  as  vnth 
the  other,  two  pads? 

W.  A.  Chryst:  This,  having  no  flange,  wipes  that  out. 

Mr.  Broege:  What  I  was  thinking  of  was  that  some 
crankcases  might  be  fitted  with  the  old  flange  and  this 
type  of  mounting  could  be  used. 

Mr.  Chryst:  If  you  compare  the  types,  you  see  it 
would  not  be  possible  to  bolt  on  an  old  flange  if  you 
use  this  t3rpe  of  mounting.  This  type  was  specified  for 
cases  where  it  is  impossible  to  use  the  flange  and  in  which 
there  would  be  no  advantage  in  making  allowance  for  its 
use. 

Mr.  Broege:  This  is  preferable  to  the  other  mount- 
ings,, but  where  crankcases  are  fitted  with  the  other 
flange,  you  could  not  apply  this  starter  mounting. 

Mr.  Chryst:  By  the  use  of  an  adapter  I  think  this 
could  be  put  in  very  easily. 

Non-Magnetic  Magneto  Shims 

This  subject  was  considered  last  year,  but  has  been 
reconsidered  because  of  difference  in  opinions  regarding 
its  speciflcation.  The  industries  have  again  been  circu- 
larized and  as  a  result  the  Division  recommends  as  S.  A. 
E.  Standard  that  when  it  is  desired  to  use  a  non-mag- 
netic shim  with  magnetos  mounted  on  cast-iron  pads,  the 
shims  shall  be  V^  in.  thick  and  high-strength  bronze  bolts 
used.  The  thickness  of  the  shim  shall  be  added  to  the 
dimension  N  on  the  drawing,  data  sheet  86,  S.  A.  E. 
Handbook,  vol.  I,  when  laying  out  the  distance  from  the 
face  of  the  mounting  pad  to  the  center  of  the  magneto 
shaft.  It  is  suggested  that  a  grid  construction  be  used 
for  the  shims. 

Magneto  Couplings — Flexible  Disk 

After  carefully  considering  the  data  accumulated  on 
this  subject,  the  Division  has  made  the  following  recom- 
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mendation  to  cover  flexible  disk  couplings  for  magneto 
drives : 

Outside  diameter  of  disk,  2%  in. 

Inside  diameter  of  disk,  1  in. 

Diameter  of  bolt  circle,  2  in. 

Thickness  of  disk,  %  in. 

Number  of  H-in.  bolts  equally  spaced,  4 
This  recommendation,  together  with  the  driving  shaft- 
end  coupling  dimensions,  printed  on  pages  86  and  86xa, 
S.  A.  E.  Handbook,  vol.  I,  completes  the  S.  A.  E.  Stand- 
ard for  magneto  disk  couplings. 

[Important  criticisms  of  this  proposed  standard  were 
received  from  several  members  of  the  Society  with  their 
letter  ballots.  These  were  considered  by  the  Council  of 
the  Society  and  the  reconmiendation  was  printed  in  the 
Handbook  with  the  qualifying  note:  Not  intended  for 
use  with  impulse-tjrpe  couplings.] 

Miscellaneous  Division 

(Report  as  adopted  by  ike  Society) 
Nuts  for  Machine  Screws 

In  the  past  machine  screw  nuts  have  varied  greatly  in 
proportions.  After  long  consideration  the  Miscellaneous 
Division,  in  cooperation  with  the  A.  S.  M.  E.  Committee 
and  the  machine  screw  nut  manufacturers,  recommends 
the  following  machine  screw  nut  sizes  and  proportions 
for  adoption  as  S.  A.  E.  Standard. 

In  presenting  the  report  on  this  subject,  E.  H.  Ehr- 
man,  chairman  of  the  Division,  said:  "The  only  com- 
ment I  have  to  offer  in  connection  with  the  specifica- 
tions is  that,  in  view  of  the  possible  time  when  the  num- 
ber sizes  of  screws  will  stop  at  No.  12,  the  numbers 
larger  than  12  would  be  replaced  by  fractional  sizes; 
^4  in.  for  No.  14,  5/16  in.  for  No.  20,  %  in.  for  No.  24, 
and  yg  in.  for  No.  30.  This  will  in  no  way  affect  the  out- 
side dimensions  of  the  nut,  and  it  is  brought  to  your 
attention  merely  to  avoid  any  misunderstanding  or  con- 
fusion in  case  any  later  Division  action  may  eliminate 
the  decimal  sizes  above  No.  12. 

THE   DISCUSSION 

E.  H.  Ehrman:  In  the  first  place,  nuts  for  machine 
screws  are  usually  punched,  have  rough  exterior,  and  are 
not  very  accurately  made;  the  holes  are  not  counter-sunk 
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Nuts  for  Machinb  Scrbws 


SIZE  A 

Short  Diameter 
(B) 

Nominal  ThicknesB 

No. 

Decimal 

(N) 

Of 

It 

2 

3 

4 

5 

6 

0.060 
0.073 
0.086 
0.099 
0.112 
0.125 
0.138 

1 

0.045 

0.055 

0.065 

0.074t 

0.084 

0.094t 

0.104 

8 

0.164 

H 

i 

10 
12 
14 

0.190 
0.216 
0.242 

1 

1 

18 

20 

• 

0.294 
0.320 

A 

i 

24 

0.372 

H 

A 

30 

0.450 

if 

1 

^Intermediate  sizes  Nos.  7,  9,  16,  22,  26  and  28  are  special; 
their  dimensions  are  the  same  as  for  Nos.  6,  8,  14,  20,  24  and 
24. 

tMade  from  bar  stock  only. 

]:Unless  made  from  bar  stock,  Nos.  3  and  5  will  be  made  the 
same  dimensions  as  Nos.  2  and  4  respectively. 

Table  gives  all  stock  sizes  for  square  and  hexag^on  niachine 
screw  nuts  of  brass,  iron  and  steel. 

but  only  tapped,  leaving  the  partial  threads  unfinished  at 
each  side  of  the  nut.  Moreover,  this  specification  has 
been  ^adopted  in  toto  by  all  of  the  machine  screw  nut 
manufacturers,  and  satisfies  the  requirements  originally 
laid  down  by  tiie  Navy,  which  are: 

That  the  tap  size  of  the  nut  should  be  easily  dis- 
tingruishable  by  the  outside  dimensions,  which  means 
that  no  two  tap  sizes  should  have  the  same  outside 
dimensions 

That  especially  in  the  larger  sizes  the  dimensions  of 
tiie  nuts  should  require  no  new  wrench  sizes 
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With  reference  to  the  aeronautic  S.  A.  E.  standards, 
which  were  adopted  approximately  a  year  ago,  I  would 
say  that  the  nuts,  according  to  the  standard,  are  made 
from  the  bar;  the  specification  calls  for  both  ends  of  the 
tapped  hole  being  counter-sunk,  which  might  remove, 
through  carelessness,  more  thread  than  is  intended.  That 
is  one  reason  why  the  thickness  of  the  nut  was  made 
approximately  0.01  in.  more  in  the  case  of  the  No.  4  nut. 

On  the  other  hand,  at  the  meeting  of  the  Aeronautic 
Division  that  had  the  formulation  of  this  specification 
in  hand,  it  was  decided  that  3/32  in.  should  be  the  thin- 
nest nut,  and  also  the  thinnest  head;  also  that  the  next 
size  above  No.  4  should  have  a  thickness  that  would  be 
proportionate  to  the  size,  based  on  the  No.  4  and  the  nut 
size  above  it.  This  made  it  necessary  to  make  the  thick- 
ness of  the  nut  0.109  in.  You  will  see  that  the  aeronautic 
nut  specification  was  rather  tied  up  to  earlier  specifica- 
tions formulated  by  the  Aeronautic  Division. 

On  the  other  hand,  I  see  no  real  need  for  trying  to  co- 
ordinate the  two.  Each  one  serves  its  purpose.  There 
is  going  to  be  no  confusion  whatever.  A  machine  screw 
nut  is  made  with  such  large  tolerances  and  viridth  limits, 
that  it  would  be  unsuitable  for  aircraft  work. 

Another  feature  that  enters  into  the  specification  for 
the  aircraft  series  is  that  of  reducing  the  number  of 
wrench  openings  to  a  minimum.  Consequently,  not  alone 
in  the  two  sizes  mentioned  is  the  short  diameter  made 
the  same,  but  also  in  some  of  the  larger  sizes.  No.  12 
and  H-in. 

I  do  not  see  any  reason  why  both  standards  should  not 
stand  and  be  adopted  by  the  Society.  Further  than  this, 
the  Aeronautic  Division  has  deviated  from  the  automo- 
bile specification  in  making  the  thickness  of  the  nut 
three-quarters  of  the  diameter,  rather  than  seven-eighths 
and  has  also  instituted  a  thin  series  of  nuts.  I  do  not 
see  anything  whatever  in  the  two  specifications  that  con- 
fiicts  on  account  of  the  difference  in  use  of  the  nuts. 

It  remains  to  be  said,  however,  that  inasmuch  as  the 
machine  screw  nut  specification  has  been  adopted  by  the 
nut  manufacturers,  it  seems  hardly  wise  to  make  any 
changes  in  it.  If  it  is  not  acceptable  to  the  Society,  it 
will  have  to  be  rejected  in  toto,  as  it  is  hardly  subject 
to  amendment. 

M.  W.  Hanks:  The  fact  that  the  aeronautic  standards 
that  the  Society  adopted  have  been  adopted  by  both  the 
Army  and  the  Navy  gives  them  considerable  strength. 
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I  hardly  think  that  either  the  Army  or  the  Navy  will 
feel  like  changing  those  standards.  It  was  found  ad- 
visable, after  a  long  series  of  tests  made  about  a  year 
ago,  to  make  the  aircraft  nuts  a  different  standard  than 
was  formerly  adopted  by  the  Society,  because  of  the 
classes  of  steel  being  used.  That  was  accepted  by  both 
the  Army  and  Navy.  All  their  orders  are  going  through 
with  those  particular  nuts,  and  they  are  averse  to  making 
any  changes. 

Chairman  Bachman:  It  is  my  understanding  that 
this  recommendation  of  the  Miscellaneous  Division  is 
not  a  change  from  the  aeronautic  standard.  This  refers 
distinctly  to  nuts  for  machine  screws.  The  thing  Mr. 
Hanks  is  talking  about  is  plain  nuts  for  aeronautic  prac- 
tice. 

Mr.  Hanks:  Quite  true.  But  I  see  no  reason  why  the 
standards  should  not  be  the  same. 

Mr.  Ehrman  :  I  would  like  to  add  that  the  difference 
between  the  standards  for  aeronautic  bolts,  and  the  auto- 
mobile standards  in  which  the  nuts  are  thicker,  is  on 
account  of  high-tensile  steel  used  in  aeronautic  practice. 
Consequently,  for  the  sake  of  lightness,  the  heads  are 
made  thinner  on  the  aeronautic  bolts.  In  a  test  made  at 
the  Curtiss  plant  it  was  found  that  a  nut  having  a  thick- 
ness of  three-quarters  diameter  was  equal  in  strength 
to  a  heat-treated  nickel-steel  bolt.  So  that  there  is  no 
need  of  having  it  thicker.  The  aeronautic  thin  nut  is  a 
finished  product.  A  machine  screw  nut  is  a  very  rough 
product  that  can  be  easily  distinguished,  and  probably 
would  not  be  used  in  aeronautic  practice  at  all. 

Mr.  Hanks:  It  so  happens  that  there  are  only  three 
sizes.  If  the  series  is  right,  why  should  they  not  be  put 
out  in  other  sizes?  Another  point  occurs  to  me.  Why  is 
it  the  Society  adopts  an  S.  A.  E.  Standard  here  for  .these 
particular  sizes,  while  it  has  not  previously  adopted 
S.  A.  E.  sizes  above  %-in.? 

Chairman  Bachman:  I  think  the  answer  is  that  below 
%-in.  the  S.  A.  E.  Standard  is  the  A.  S.  M.  E.  machine 
screw  thread. 

Mr.  Ehrman:  The  aeronautic  standard  stands  by 
itself.  The  pitches  are  not  in  all  cases  A.  S.  M.  E.,  and, 
more  than  that,  the  question  of  ability  to  get  on  the 
market  thirty-seven  sizes  of  stock,  made  the  Committee 
apprehensiye;  so  instead  of  what  they  should  have  done, 
they  have  deviated  from  that  to  get  sizes  that  they 
thought  would  be  commercially  obtainable  on  the  market 
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Instead  of  the  machine  screw  nuts  being  compromised, 
the  aeronautic  standard  was  compromised.  Further  than 
that,  you  are  not  adopting  an  A.  S.  M.  E.  specification; 
this  recommendation  is  from  a  joint  committee  com- 
posed of  A.  S.  M.  E.  and  S.  A.  E.  members.  Each  society 
can  adopt  the  recommendations  of  the  committee  without 
adopting  a  standard  of  the  other  society. 

Mr.  Hanks:  May  I  ask,  Mr.  Ehrman,  if  in  the  work- 
of  the  National  Screw  Thread  Commission,  there  is  a 
tendency  to  confine  ultimate  U.  S.  standard  pitches  to 
S.  A.  E.  standard  pitches  above  ^  in.,  leaving  out  the 
A.  S.  M.  E.  sizes  above  ^  in.? 

Mr.  Ehrman:  The  trend  is  to  abolish  number  sizes 
above  No.  12,  so  that  ordinary  machine  screw  nuts  above 
No.  12  in  size  would  be  made  in  fractional  sizes,  to  obvi- 
ate duplications  of  sizes  approximating  each  other. 

Mr.  Hanks:  Anticipating  that  possible  decision,  we 
are  standardizing  in  a  series  of  A.  S.  M.  E.  ^  in.  If 
the  outside  dimensions  of  the  aeronautic  and  the  machine 
screw  nuts  corresponded,  it  would  be  all  right. 

Mr.  Ehrman:  The  machine  screw  nut  dimensions 
recommended  by  the  Division  correspond  to  from  85  to 
90  per  cent  of  the  machine  screw  nuts  made  in  the  in- 
dustry today.  This  specification  is  merely  a  formal 
presentation  of  the  best  practice  that  has  obtained  for 
years. 

W.  S.  Howard:  I  would  like  to  know  why,  when  we 
make  up  these  tables,  we  cannot  have  the  long  dimensions 
of  the  nut  included,  either  in  decimals  or  in  the  nearest 
fraction. 

Mr.  Ehrman:  I  think  that  there  should  be  tables 
among  the  data  sheets,  giving  the  long  diameters  for 
different  sizes  of  hexagon  and  square  nuts. 

Mr.  Howard:  Before  we  can  establish  the  bolt  clear- 
ance diameter,  we  must  know  the  long  diameters. 

Mr.  Ehrman:  There  is. a  danger  in  putting  in  that 
specification  because  users  will  complain  that  the  long 
diameters  are  not  as  represented.  For  computation  and 
designs  a  table  among  the  data  sheets  that  gives  that  in- 
formation would  be  more  desirable.  The  long  diameters 
are  in  a  way  necessary  in  Europe,  particularly  in  France, 
for  the  reason  that  the  bolts  are  made  out  of  round 
stock,  and  the  heads  are  square,  so  that  it  is  a  matter  of 
necessity  to  know  what  stock  is  to  be  used,  but  in  this 
country  where  the  long  diameters  cut  no  figure  in  manu- 
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facture  and  the  only  figure  that  they  cut  is  in  design, 
we  could  obtain  the  information  from  one  table  rather 
than  go  through  all  bolt  and  screw  specifications  to  ob- 
tain what  we  wish.  There  is  no  objection  whatever  to 
putting  it  in  a  separate  table  with  an  explanatory  note. 

Spark-Plug  Dimensions — Aeronautic 

The  extension  and  revision  of  aeronautic  spark-plug 
shell  dimensions,  printed  on  pages  8a  and  3b,  S.  A.  E. 
Handbook,  vol.  I,  have  been  considered  by  the  Division, 


5^**       f  Chamfer  iK^detpt* 
V50    /''than  roof  of  thread 

•7  threads  (nearly). 

fNot  specified  by  Anglo- American  Committee. 

Aeronautic  Spark-Pluq  Shell 

with  a  view  to  bringing  the  present  S.  A.  E.  Recommended 
Practice  into  harmony  with  a  desired  international 
standard. 

In  presenting  a  verbal  report  on  this  subject  Mr.  Ehr- 
man  said  that  this  shell  follows  very  closely  the  recom- 
mendations of  the  British  Engineering  Standards  Asso- 
ciation, with  the  exception  of  a  few  changes  in  the  maxi- 
mum projection,  which  was  reduced  from  3%  to  3  in.; 
the  length  of  the  thread,  which  was  changed  from 
21/64  to  13/32  in.,  and  the  note,  which  was 
changed  from  five  threads  to  seven  threads  nearly.  These 
will  in  no  way  bar  use  of  the  spark-plug  in  British  en- 
gines ;  in  fact  the  Division  is  in  receipt  of  a  letter  from 
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Rolls-Royce,  Ltd.,  in  which  the  statement  is  made  that  it 
prefers  a  cylinder-wall  thickness  of  0.6  in.  to  a  wall  thick- 
ness of  0.5  in.  This,  together  with  the  fact  that  0.6  in. 
meets  the  Liberty  engine  dimensions,  as  well  as  those  of 
other  American  makes  of  engine,  influenced  the  making 
of  these  changes.  Also,  it  was  found  that  the  spark-plugs 
used  on  a  large  number  of  American  engines  corresponded 
to  the  plugs  having  dimensions  as  revised. 

THE    DISCUSSION 

G.  G.  HiNKLEY:  I  would  like  to  ask  Mr.  Ehrman's 
opinion  on  the  amount  of  space  he  has  allowed  to  bend 
the  wire  at  the  bottom  of  the  plug.  He  states  that  the 
21/64  in.  dimension  has  been  increased.  That  cuts  down 
the  space  allowed  for  the  wire. 

Mr.  Ehrman  :  The  diagram  merely  shows  an  optional 
way  of  using  that  space.  This  is  not  the  best  construc- 
tion or  the  preferred  construction,  and  our  changes  were 
made  in  strict  accordance  with  the  preferred  construc- 
tion; also  so  as  not  to  interfere  with  the  British  specifica- 
tions. The  British  will  not  make  use  of  the  i>etticoat 
below  the  thread;  they  do  not  like  it.  In  this  country 
we  prefer  it.  The  British  will  mount  the  electrode  as 
though  there  were  no  i)etticoat  there,  whereas  we  would 
extend  the  petticoat  to  the  distance  shown;  and  the  one 
electrode  will  be  a  pin  running  across  the  diameter,  and 
passing  through  the  petticoat.  The  recommendations 
fit  both  the  British  requirements,  and  the  best  we  can 
find  with  reference  to  American  requirements. 

Mr.  Hinkley:  In  aeronautical  plug  practice  is  it 
proper  to  use  wire  electrodes  extending  below  the  skirt 
of  the  plug? 

Mr.  Ehrman:    Our  suggestion  permits  it. 

Mr.  Hinkley:  The  idea  being  that  it  is  permissible 
in  our  construction  to  make  that  distance  greater  in  the 
wire  if  we  wish? 

Mr.  Ehrman:  Yes. 

H.  M.  Grane:  The  screw  thread  terminal  'recom- 
mended by  the  Division  is  certainly  not  common. 

Ghairman  Bachman:  Is  there  any  objection  to  hav- 
ing it  as  an  option? 

Mr.  Grane:  I  do  not  know  that  there  is  any  objection. 
We  do  want  some  type  of  snap  terminal,  without  a  doubt. 

Mr.  Ehrman  :  There  are  no  dimensions  on  the  fasten- 
ing device  other  than  the  8-32  A.  S.  M.  E.  thread,  so  that 
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if  the  thread  is  not  to  be  used,  the  shape  of  the  terminal 
could  be  modified  as  desired;  or  the  matter  might  be 
ftirther  considered  by  the  Division  as  to  standardizing 
the  terminal  for  use  in  this  country. 

Chairman  Baghman:  Would  it  materially  affect  the 
proposition,  if  all  reference  to  the  terminal  end  were  left 
off?  That  is,  would  the  action  you  are  desiring  to  take 
be  accomplished  if  that  were  left  off  7 

Mr.  Ehrman:  Yes. 

Springs  Division 

(Report  as  adopted  by  the  Society) 
Leaf  Points — Nomenclature 

Many  of  the  leaf  points  shovim  on  page  49b,  S.  A.  E. 
Handbook,  voL  I,  are  obsolete.    The  Springs  Division 


No.  1  Round  No.  2  Half  Round  No.  3  Square  No.  4  Blunt  Diamond 
Lbaf  Point  Nombnclaturb 

has  therefore  prepared  the  accompanying  series  of  leaf 
points  as  answering  all  commercial  requirements,  and 
recommends  that  the  nomenclature  indicated  be  adopted 
as  S.  a:  E.  Standard. 

Leaf  Points 

The  following  leaf  points  shown  above  are  recom- 
mended by  the  Springs  Division  for  adoption  as  S.  A.  E. 
Recommended  Practice: 

Leaf  Points  Nos.  1,  2  and  3  for  rolled  tapered  leaves 
Leaf  Points  Nos.  3  and  4  for  full  thickness  leaves 
Rebound  clips  to  be  used  in  all  cases 

Test  for  Parallelism 

The  present  3/16-in.  value  for  angular  variation  of 
the  eye  center  line  is  considered  too  close  for  practical 
commercial  vehicle  spring  tests  and  the  Division  recom- 
mends that  this  be  specified  as  %  in.  for  commercial 
vehicles  as  shown  in  the  drawing  on  page  16,  as  S.  A.  E. 
Recommended  Practice. 


Digitized  by 


Google 


16 


THE    SOCIETY  OP   AUTOMOTIVE   ENGINFERS 


7» 

^'Si  "^or  passenger  cars 
.X-^  for  commercial  vehicks 


n 


.ir- 


-4 1 ;_  . 


U 


Test  for  Parallklibm 

Eye  Btishings  and  Bolt  Tolerances 

The  tolerances  shown  on  page  49d,  S.  A.  E.  Handbook, 
vol.  1,  are  considered  too  close  for  practical  application. 
The  Springs  Division  recommends  that  they  be  opened  up 
to  within  commercial  limits  as  follows: 

Bushed  eyes — ^plus  0.001,  minus  0.003 

Bolts  for  bushed  eyes — ^minus  0.005,  minus  0.008 

Unbushed  eyes — ^plus  0.001,  minus  0.004 

Ground  bolts  for  unbushed  eyes — ^minus  0.006,  minus 
0.009 

Unground  bolts  (hot-rolled)  for  unbushed  eyes — diam- 
eter minus  0.006,  for  maximum  so  as  to  use  standard 
reamers 

In  presenting  this  report,  Walter  M.  Newkirk,  chair- 
man pro  tem.  of  the  Division,  called  attention  to  the  fact 
that  the  standard  deviation  is  used  with  reference  to  the 
distance  that  the  eye  center  line  is  from  a  line  at  right 
angles  to  the  spring  center  line  at  a  distance  of  18  in. 
from  the  spring  instead  of  the  total  or  twice  this  dis- 
tance. This  tolerance  has  been  doubled  in  the  case  of 
commercial  vehicles,  principally  for  the  reason  that  it  is 
practically  impossible  to  attain  that  degree  of  accuracy 
heretofore  specified  in  this  class  of  work. 

Supplementing  this  report  on  S.  A.  E.  Recommended 
Practice,  Mr.  Newkirk  said  that  all  of  the  changes  were 
made  with  the  idea  of  permitting  the  use  of  standard 
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recommended  articles  which  can  be  bought  on  the  market. 
The  finished  sizes  of  bolts,  when  they  are  ground,  can,  of 
course,  be  made  just  as  readily  from  one  range  as  they 
can  from  another. 

Wrapped  Eyes 

The  Division  recommends  that  the  S.  A.  E.  Recom- 
mended Practice  on  page  49e,  S.  A.  E.  Handbook,  vol.  I, 
be  changed  to  read:  "Where  drive  is  taken  through 
springs  on  commercial  vehicles,  the  second  plate  may  be 
loosely  wrapped  around  the  eye  of  the  driving  end.  In 
all  other  cases  wrapped  eyes  should  not  be  used." 

Width  of  Spring  Ends 

It  is  recommended  by  the  Division  that  the  tolerance 
for  spring  widths  be  changed  to  0.005  in.  for  passenger 
cars  and  0.010  in.  for  commercial  vehicles.  The  revised 
S.  A.  E.  Recommended  Practice  will  read,  "Spring  ends 
should  be  finished  to  a  width  of  1/16  in.  less  than  the 
nominal  width  of  the  springs,  with  a  plus  or  minus  tol- 
erance of  0.005  in.  for  passenger  cars  and  0.010  in.  for 
conmiercial  vehicles,  to  a  point  far  enough  back  on  the 
spring  to  allow  free  shackle  movement  or  free  sliding 
movement  in  case  of  flat-end  springs." 

Rebound  Clips,  Spacers  amd  Bolts 

It  is  recommended  that  the  following  note  be  added 
to  page  49u,  S.  A.  E.  Handbook,  vol.  I:  "Clearance  be- 
tween the  rebound  clip  bolts  (or  spacer  tubes  if  used) 
and  spring  plates  shall  not  exceed  3/82  in.  for  passenger 
cars  or  8/16  in.  for  commercial  vehicles." 

Spring   Widths,  Lengths,  Eye   and  Clip  Diameters  for 
Commercial  Vehicles 

It  is  recommended  by  the  Division  that  page  49h,  S. 
A.  E.  Handbook,  vol.  I,  be  revised  so  that  in  the  third 
line  of  the  first  paragraph  the  expression,  "%  in.  larger," 
will  read,  "the  same,"  and  the  following  added  at  the. 
end  of  the  paragraph:  ".  .  .  as  on  the  other  end, 
and  in  agreement  with  the  above  table.  Considering 
strength  of  the  main  plate,  it  is  believed  more  desirable 
to  put  a  heavier  load  on  a  bushing  than  to  risk  opening 
op  the  eye,  which  might  happen  if  the  eye  were  increased 
in  diameter." 
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The  column  "Capacity,  Tons"  is  intended  only  to  indicate 
the  g:eneral  truck  capacities  on  which  the  corresponding  usual 
spring  sizes  are  used.  The  above  table  applies  to  all  types  of 
drives. 

Heat-treated  alloy  steel  spring  clips  shall  be  used  in  all 
cases. 

In  presenting  these  two  recommendations  for  accept- 
ance as  S.  A.  E.  Recommended  Practice,  Mr.  Newkirk 
stated  that  the  approximate  load  per  spring  had  been 
omitted  since  the  Division  felt  that  it  had  not  sufficient 
information  to  state  properly  what  these  loads  should  be. 
It  was  also  felt  that  it  was  desirable  to  give  optional 
widths  of  certain  of  the  springs  for  both  classes  of  ve- 
hicles. 

Spring  Widths  and  Lengths,  Eye  and  Clip  Diameters  for 
Passenger  Cars 

The  data  in  the  tables  of  spring  widths,  eye  and  clip 
diameters  for  passenger  cars  and  commercial  vehicles 
have  been  carefully  reviewed  and  revised  by  the  Division 
in  order  to  have  them  accord  with  current  practice.  The 
figures  relative  to  spring  lengths  are  added  to  the  tables, 
as  it  is  believed  they  will  be  of  value  to  car  designers. 

The  third  sentence  of  the  notes  in  the  data  sheet  should 
be  omitted  and  the  following  note  added,  "Heat-treated 
alloy  steel  spring  clips  shall  be  used  in  all  cases/' 
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Frame  Brackets 
It  is  recommended  by  the  Division  that  the  third  para- 
graph of  this  subject  on  page  49e,  S.  A.  £.  Handbook, 
vol.  1,  be  extended  to  read,  ''The  distance  between  the 
ears  of  bracket  hoods  should  be  0.010  in.  greater  than 
the  finished  width  of  the  spring  eyes,  with  a  minus  tol- 
erance of  0.000  in.  and  a  plus  tolerance  of  0.005  in.  for 
passenger  cars.  For  commercial  vehicles  the  minus  tol- 
erance should  be  0.000  in.  and  the  plus  0.010  in./'  thus 
making  the  S.  A.  E.  Recommended  Practice  cover  both 
classes  of  vehicles. 

Leaf  Spring  Specifications 
In  connection  with  it^n  (f )  on  page  49i,  S.  A.  £.  Hand- 
book, vol.  I,  the  following  revision  is  recommended  for 
the  S.  A.  E.  Standard  "Method  of  clamping  spring  in 
center." 

Bolt (S.  A.  E.  Standard) 

Nibs  (Not  recommended) 

Band (Not  recommended) 

Spring  seat  lengths  overall 

Distance  between  spring  clips 

It  is  recommended  by  the  Division  that  the  item  (g)  on 
page  49i,  S.  A.  E.  Handbook,  vol.  I,  be  revised  in  part 
to  read,  "Fill  in  type  of  eye  as  follows,  'In,'  'Out.' " 


Types  or  Spring  £^rx8 

It  is  also  recommended  that  the  illustration  be  changed 
to  show  the  words  "In"  and  "Out"  as  shown  in  the  draw- 
ing. 
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Thrbb-Quartbr  ElLLiPTic  Spring  Comprbssion-Tbst  StJppoRT 

The  Division  recommends  that  the  group  of  dravdngs 
on  page  21  be  revised  to  show  the  position  and  in  some 
cases  the  length  of  the  spring  seats. 

On  page  49q,  S.  A.  E.  Handbook,  vol.  I,  the  drawing 
is  wrong  and  should  be  as  shown  in  the  accompanying 
drawing,  the  rollers  being  under  the  I-beam  instead  of 
under  the  end  of  the  spring. 

Finishes  of  Springs 

The  Division  recommended  that  only  three  finishes  be 
adopted  as  S.  A.  E.  Standard,  since  only  that  number  are 
really  accepted  as  standard  by  the  trade.  These  are  as 
follows : 

Black — All  plates  left  in  the  condition  in  which  they 
left  the  heat-treating  process 

Half  Bright — Outside  surface  of  the  eyes,  and  the 
upper  exposed  portion  of  the  plates  to  be  ground  or 
polished,  free  from  scale.  Remaining  exposed  surfaces 
to  be  left  black 

Bright — To  be  the  same  finish  as  half  bright,  with  the 
addition  that  the  edges  of  all  plates  are  to  be  ground 
or  polished  free  from  scale.  Exposed  surface  on  bot- 
tom left  black 

Tire  and  Rim  Division 

(Report  as  adopted  by  the  Society) 
IndvstriaX  Truck  Tires 

It  was  found  upon  investigation  that  there  is  little 
uniformity  in  present  practice  for  industrial  truck  tire 
sizes.  After  carefully  considering  the  situation  the 
Tire  and  Rim  Division  recommends  that  the  following 
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industrial  truck  tire  and  wheel  dimensions  be  adopted 
for  S.  A.  E.  Standard: 


Tire  Dimensions 

Wheel  Ddiensions 

Nominal 

Diameter, 

In. 

Sectional 
Width,  In.. 

Whed 

Diameter, 

In. 

Widths  of 

FeUoe, 

In. 

10 
10 
16 
16 
20 
20 
24 
28 

3H 

5 

3M 

5 

3K 

5 

3M 

3M 

6 
6 
12 
12 
16 
16 
20 
24 

2K 

2« 

4K 
2% 
4K 
2« 
2« 

"Wheel  diameters  shall  be  4  in.  less  than  the  nominal 
tire  diameters.  The  height  of  the  finished  tire  is  to  be 
2  in.  for  all  sizes.  The  width  of  the  wheel  felloe  is  to 
be  in  accordance  with  the  present  S.  A.  E.  standard  truck 
tire  practice  and  the  rim  diameter  tolerances  will  be 
plus  0.005,  minus  zero."  The  acceptance  of  this  rec- 
ommendation will  make  all  the  former  or  present  S.  A.  E. 
standards  for  industrial  truck  tire  sizes  null  and  void. 

Base  Bands  for  Solid  Tires 
The  base  band  dimensions  recommended  for  S.  A..  E. 
Standard  are  shown  below.    These  conform  to  the  rec- 
ommended series  of  solid  tire  sizes  and  are  in  accord- 
ance with  the  base  bands  recommended  and  adopted  by 
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Base  Bands  for  Solid  Tirbs 

the  War  Service  Committee  of  the  Rubber  Industry  of 
the  U.  S.  A.  The  recommended  bands  relate  to  corru- 
crated  mill  sections  and  it  is  optional  with  tire  manu- 
facturers to-  use  either  mill  corrugated  or  dovetail  fac- 
ings, as  the  same  general  dimensions  ''apply  to  bands 
with  either  facing. 

THE   DISCUSSION 

J.  E.  Hale:  I  believe  we  should  have  a  standard  which 
will  ultimately  be  one  thing  or  the  other,  and  that  we  will 
make  a  mist^e  if  we  adopt  a  standard  which  makes  cor- 
rugated or  dovetail  facings  optional  on  base  bands.  Fur- 
thermore, there  is  a  detail  in  dimension  on  the  base  band 
that  I  would  like  to  see  changed;  the  curve  at. the  lower 
comer,  on  the  under  side,  does  not  provide  the  most  ef- 
fective lead  for  pressing  on  the  tires.  Eliminate  the 
%-in.  radius  altogether.  I  would  like  to  see  the  recom- 
mendation of  the  Division  on  base  bands  changed  to  read 
that  the  S.  A.  E.  Standard  base  shall  be  corrugated,  and 
that  that  particular  detail  in  connection  with  the  dimen- 
sion of  the  band  should  be  changed  as  first  specified  by 
me. 

C.  B.  Whittblsey:  Relative  to  the  first  point  that  Mr. 
Hale  brings  out,  to  get  all  these  bands  corrugated  and 
leave  out  the  dovetail,  I  think  that  would  work  a  hard- 
ship on  a  number  of  solid  tire  manufacturers,  and  could 
not  be  carried  through  successfully.  It  would  limit  the 
design  there,  which  has  been  worked  successfully  since 
the  first  base  bands  were  made. 

IfR.  Hale  :  This  base  band  standard  has  been  the  sub- 
ject of  very  thorough  deliberation  by  the  War  Service 
Committee  of  the  Rubber  Industry,  and  it  was  definitely 
understood  that  the  ultimate  standard  would  be  a  cor- 
rugated base.  It  was  admitted  that  there  might  be  some 
manufacturers  who  would  want  to  use  a  dovetail  base 
until  they  had  worked  out  some  improvements.    But  bear 
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in  mind  the  big  idea  of  a  base  standard  was  to  have  one 
standard,  so  as  to  simplify  production.  We  shall  not  ac- 
complish what  we  should,  if  we  have  a  dual  standard. 
The  understanding  in  the  Rubber  Committee  was  that 
anybody  who  wanted  to  use  the  dovetail  for  the  time 
being  was  to  have  this  privilege,  but  that  the  ultimate 
standard  was  to  be  a  corrugated  standard. 

J.  G.  Swain  :  I  was  secretary  of  the  Solid  Tire  Com- 
mittee of  the  Rubber  Industry  that  considered  this  sub- 
ject, and  it  was  the  consensus  of  opinion  of  the  Com- 
mittee that  the  solid  tire  manufacturers  were  not  in  a 
position  at  this  time  to  recommend  a  definite  form  of 
corrugation  or  facing  for  a  base  band,  and  the  minutes 
of  the  meeting  and  the  records  of  the  various  meetings 
of  the  Committer  will  show  that  they  were  not  ready  to 
adopt  a  definite  standard.  The  matter  was  left  open  as 
optional,  and  I  am  sure  that  that  is  the  position  that  the 
majority  of  the  solid  tire  manufacturers  take  on  the  way 
this  subject  should  be  handled.  Furthermore,  I  think 
that  it  is  really  beyond  the  functions  of  this  Society  to 
adopt  a  standard  here  without  it  having  been  recom- 
mended by  the  industry,  which  is  so  vitally  interested  in 
the  subject,  and  I  think  that  the  matter  should  be  left  as 
recommended  right  here  in  this  report.  If  at  any  time 
the  solid  tire  manufacturers  are  ready  to  recommend  a 
definite  standard  as  to  the  facing  of  the  base  band  for  a 
solid  tire,  they  will  submit  that  to  the  proper  committee 
of  this  Society,  with  the  request  that  it  be  adopted. 

W.  N.  Duncan  :  I  also  was  on  the  War  Service  Com- 
mittee and  think  that  Mr.  Hale's  opinion  is  incorrect  re- 
garding this  facing. 

W.  M.  Britton  :  I  believe  the  Society  should  not  take 
the  position  of  deciding  definitely  on  the  particular  kind 
of  facing  that  should  be  used  on  the  base  band.  I  believe 
that  should  be  left  to  the  particular  user  of  the  band,  or 
the  tire  manufacturer.  I  believe,  however,  that  it  would 
be  a  step  in  the  right  direction  to  standardize  the  out- 
side contour  of  the  band  itself.  The  recommendation  of 
the  Division  should  stand,  permitting  either  the  cor- 
rugated or  the  dovetail  facing. 

C.  B.  Williams:  This  report,  I  take  it,  relates  to  cer- 
tain sizes  and  makes  it  optional  whether  the  dovetail  or 
the  corrugated  facing  is  used.  Both  of  these  sections 
are  being  used  now.  I  think  this  discussion  is  all  beside 
the  point. 
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Mr.  Swain  :  The  subject  of  contour  was  discussed  at 
some  length  at  the  various  meetings  of  the  committee. 
It  was  the  consensus  of  opinion  that  inasmuch  as  the 
contour  shown  in  the  report  had  been  used  successfully 
by  one  of  the  larger  tire  manufacturers  and  was  one  of 
the  simplest  rollings  to  secure  from  the  mills,  it  was 
quite  adequate  for  the  purpose  intended,  to  facilitate  the 
application  of  the  solid  tire  to  the  felloe  band.  I  believe 
that  the  recommendations  of  the  Committee  should  stand 
as  they  are  in  the  report. 

W.  C.  Keys:  The  Committee  considered  a  long  cham- 
fer that  ran  back  under  the  upturned  flange  of  the  band, 
but  the  point  was  brought  out  that  this  resulted  in  too 
little  support  in  the  mounting  of  the  band.  Therefore 
the  recommendation  given  in  the  report  of  the  Division 
was  decided  upon. 

Base  Bands  for  Industrial  Truck  Wheels 

The  sections  of  tires  and  base  bands  as  recommended 
for  solid  tires  for  trucks  also  apply  to  industrial  truck 
wheels,  and  the  Division  recommends  that  the  recom- 
mended S.  A.  E.  Standard  3%  and  6  in.  pressed-on  chan- 
nel sections  shown  in  the  drawing  on  page  23  be 
adopted  for  industrial  truck  wheels. 

Solid  Tire  Sections 

In  first  working  on  this  subject  the  intention  was  to 
standardize  the  sections  and  contours  for  solid  tires  but 
as  this  would  tend  to  limit  the  design  of  solid  tires,  the 
Division  recommends  that  the  minimum  total  cross-sec- 
tional rubber  area  of  solid  tires  on  standard  bands  for 
commercial   vehicle   wheels   shall   be  as   shown   in  the 


Minimum  Total 

Solid  Tire 

Sectional  Area 

Width,  In. 

of  Rubber, 
Sq.In. 

3K 

6.75 

• 

4 

7.75 

5 

10.75 

6 

13.75 

7 

16.75 

8 

19.75 

10 

26.76 

12 

31.76 

14 

37.76 
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table  on  page  25,  which  is  in  complete  accord  with  the 
schedule  worked  out  and  adopted  by  the  Solid  Tire  Divi- 
sion, War  Service  Committee  of  the  Rubber  Industry  of 
the  U.  S.  A.  These  areas  include  the  hard  and  soft 
rubber  used  in  solid  tires  and  are  recommended  for  ac- 
ceptance as  an  S.  A.  E.  Standard. 

Wood  FeUoe  Dimensions — Pneumatic  Tire  Rims 

At  the  June,  1918,  meeting  of  the  Society  wood  fdloe 
dimensions  were  adopted  for  only  the  6,  7  and  8-in.  rims. 
To  complete  this  specification  for  3V^,  4  and  4%-in.  rims, 
the  dimensions  recommended  for  S.  A.  E.  Standard  are 
as  follows: 


Nominal  Tire 

aodRimSise 

Width 

Depth 

3(hc3H 

W 

ih{±o* 

32x8K 

W 

1« 

33x4 

1% 

wte 

34x4K 

{Sx 

4^ 

*Width  of  felloes  for  rims  with  special  sections. 
fWidth  of  felloes  for  demountable  rims  on  cold-rolled 
bands. 


These  felloe  band  dimensions  conform  with  those 
adopted  by  the  Automotive  Wood  Wheel  Manufacturers' 
Association. 

AUow(ible  Tolerances  for  FeUoe  Bands 

The  tolerances  given  on  page  8a,  S.  A.  E.  Handbook, 
voL  I,  are  used  for  the  inspection  of  not  only  steel 
bands  on  wood  wheels  but  also  for  steel  wheels.  ISie  Divi- 
sion recommends  that  the  wording  at  the  bottom  of  page 
8a,  be  changed  to  read,  "Band  circumference  after  ap- 
plication to  wood  wheels  and  circumferences  of  sted 
wheels,'*  to  make  the  S.  A.  E.  Standard  applicable  to 
both  types  of  wheel 
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Edges  of  Felloe  Bands 


27 


The  present  specification  as  revised  at  the  June  meet- 
ing in  Dayton  to  3/16-in.  radius  on  the  inside  edges  and 
1/16-in.  radius  on  the  outside  edges  of  bands,  is  a  specifi- 
cation to  which  it  is  practically  impossible  to  get  the  mills 


EDQB8  or  Fbllob  Bands 

to  roll  steel.  The  Division  therefore  recommends  that 
the  edges  of  felloe  bands  be  changed  to  3/32-in.  radius 
for  all  edges.  This  proposal  is  approved  by  both  wheel 
and  tire  manufacturers  and  is  presented  for  acceptance 
as  an  S.  A.  E.  Standard. 

Pneumatic  Tires  for  Motorcycles 

The  present  S.  A.  E.  motorcycle  tire  sizes  printed  on 
page  8K  S.  A.  E.  Handbook,  vol.  I,  are  2^4,  2%,  2%,  and 
3-in.  sectional  diameters.  In  order  to  bring  the  S.  A.  E. 
table  up  to  date  and  have  it  complete,  the  Division  rec- 
ommends the  following  for  adoption  as  S.  A.  E.  Standard. 
As  the  tendency  in  motorcycle  design  is  toward  heavier 
tjrpes  of  machines,  the  recommended  tire  sizes  are  con- 
sidered ample,  and  conform  to  the  sizes  recommended  and 
adopted  by  the  War  Service  Committee  of  the  Rubber 
Industry  of  the  U.  S.  A. 


Nominal 
TiBB  8iu 

OVBBSIZB 
TiRB 

Tire  Seat, 

Diameter  of 

Rni 

of  Rim 

In. 

Mm. 

Id. 

Mm. 

In. 

Mm. 

2(ti2K 
28x3 

60/636 
76/660 

None 
20z3H 

None 
90/660 

21 
22 

636 
660 

BB 
CC 

[Negative  votes  and  important  criticisms  of  this  pro- 
posed Standard  were  received  from  several  members  of 
the  Society  with  their  standards  letter-ballots.  These 
were  considered  by  the  Ck)uncil  of  the  Society  and  the 
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specification  was  withheld  from  publication  in  the  Hand- 
book to  afford  the  Tire  and  Rim  and  the  Motorcycle  Dir 
visions  time  to  make  further  investigation.] 

VaJn^e-Hole  Size — Automobile  Rims 

A  %-in.  diameter  valve-hole  has  already  been  stand- 
ardized for  the  3^,  4  and  4y2-ih.  rims.    The  Division 


<. 


-> 


Rim 
Size 

Valve^Hole  (Inches) 

(Inches) 

A 

B 

C 

6 
7 

IH 

% 
% 

9ie 
He 

Valvb-Holid   Sm  FOR     Giant 
Demountable   and  Straight- 
Side  Truck  Rims 


now  recommends  valve-hole  sizes  for  the  6  and  7-in. 
rims  as  shown  on  the  accompanying  drawing,  to  be  in- 
cluded with  the  present  Standards. 
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BUSINESS  SESSION  OF  SOCIETY 
MEETING 

The  business  session  was  called  to  order  on  Wednes- 
day morning,  Feb.  5,  by  President  C.  F.  Kettering. 

H.  L.  Pope,  E.  W.  Weaver  and  Joseph  Schaeffers  were 
appointed  to  act  as  tellers  to  count  the  ballots  cast  for 
officers  of  the  Society. 

A  report  was  then  presented  by  the  Standards  Com- 
mittee on  the  matters  approved  at  the  conunittee  meet- 
ing held  the  previous  day*  This  covered  reports  on  stand- 
ards and  reconmfiended  practices  prepared  by  the  Ball 
and  Roller  Bearings,  Chain,  Electrical  Equipment,  En- 
gine, Miscellaneous,  Springs,  and  Tire  and  Rim  Divisions 
which  were  approved  for  submission  by  letter  ballot  to 
the  membership  at  large. 

General  Manager  Clarkson  made  a  brief  report  on  the 
membership  of  the  Society,  showing  an  increase  of 
the  number  of  active  members  from  3218  on  Jan.  1, 
1918,  to  3866  on  Jan.  1,  1919. 

The  professional  papers  presented  at  the  Wednesday 
morning  session  included  one  by  Lieut.-Col.  Herbert  W. 
Alden,  who  had  been  in  practical  charge  of  Army  tank 
engineering  matters  since  the  Government  entered  the 
war,  outlining  briefly  the  history  of  the  tank'  and  de- 
scribing some  of  the  engineering  features  of  the  types 
developed  in  this  country.  Other  papers  presented  at 
this  session  were  by  Edward  R.  Hewitt  dealing  with 
The  Principles  of  Design  of  the  Wheeled  Farm  Tractor, 
and  by  George  M.  Crouch  relating  to  The  Performance 
of  Marine  Automotive  Equipment  in  the  War,  with  par- 
ticular reference  to  the  submarine  chasers. 

At  the  opening  of  the  Wednesday  afternoon  session 
President-elect  Manly  spoke  a  few  words  of  appreciation 
of  the  honor  which  the  Society  had  conferred  on  him. 
The  year  1918,  he  stated,  was  undoubtedly  the  greate^-t 
year  in  the  history  of  the  Society,  and  he  pointed  out 
that  the  biggest  asset  the  Society  has  is  the  wonderful 
spirit  of  cooperation  that  exists  among  its  members.  He 
emphasized  the  fact  that  in  spite  of  the  excellent  work 
accomplished  in  1918,  even  better  things  could  be  ex- 
pected during  the  present  year  if  the  members  would 
cooperate  as  freely  as  they  had  in  the  past. 
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CONDENSED  BALANCE  SHEET  AS  OP  SEPT.  30,  1919 


A$$et$ 

Cash   $22,727.66 

Accounts  Receivable  21,266.17 
Investments   (Book 

Values)    70,022.60 

Accrued  Interest  on 

Investments  ....     1,691.08 
Inventories I,474i95 


Total  Current  As- 

seU  $117,082.81 

Furniture  and  Fix- 
tures       7,569.88 

Sundry  Advances . .     1,728.68 


$126,380.72 


lAahUitieB 
Accounts  Payable.     $9,186.97 
Reserve 117,243.76 


$126,380.72 
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CONDENSED    STATEMENT    OP    INCOME    AND    EX- 
PENSE POR  THE  FISCAL  YEAR  ENDED  SEPT.  80, 1919 

Income  from  Publications,  Advertising^  and  Miscel- 
laneous Sales $195,861.11 

Deduct  Cost  of  Sales 46,334.87 

$149,026^4 
Other  Miscellaneous  Income  19,669.96 

$168,696^0 
Expenses   118,282.06 

166,414.15 
Other  Charges 6,281.88 

Net  Inoomb $49,182.27 


We  hereby  certify  that,  in  our  opinion,  the  balance  sheet 
shown  above  states  the  true  financial  condition  of  the  Society 
of  Automotive  Engineers  as  at  Sept.  80,  1919,  and  that  the 
relative  statement  of  income  and  expense  states  tiie  true  net 
income  for  the  year  ended  that  date. 

Respectfully  submitted, 
R.  G.  RANKIN  A  CO., 
D.  Eabl  FLBMINa 
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A  sjrmposium  on  the  probable  effect  of  aeronautic  ex- 
perience on  automobile  practice  was  the  first  subject 
to  be  discussed  at  this  session.  This  consisted  of  three 
papers  prepared  by  Henry  M.  Crane,  Howard  Marmon 
and.,  0.  E.,  Hunt.  High-Speed  High-Efficiency  Engines 
were  discussed  by  D.  McCall  White;  Th§  Story  of  the 
tJnited  States  •  Standard  Truck  was-  told  by  J.  6.  Utz, 
and  this  paper  was  supplemented  by  some  remarks  .by 
Lieut.-Col.  Edward  Ortbn,  Jr.,  on  the  work  and  policy 
of  the  Motor  Transport  Corps. 

At  the  Fuel  Session  on  Thursday  morning,  which  was 
arranged  at  the  request  of  Dr.  Joseph  E.  Pogue  of  the 
Bureau  of  Oil  Conservation,  U.  S.  Fuel  Administration, 
several  papers  dealing  with  the  subject  of  Conservation 
of  Fuel  were  presented.  These  covered  all  phases  of  the 
problem  from  the  sources  of  supply  and  methods  of  re- 
fining to  the  best  way  to  improve  the  utilization  of  fuel 
by  internal-combustion  engines. 

Aeronautic  subjects  were  considered  at  the  fin^l  pro- 
feissional  session,  which  was  held  on  Thursday  afternoon. 
A  feature  of  this  session  was  the  presentation  of  four 
gapers  prepared  by  engineers  of  the  Navy  Department 
who  had  immediate  charge  of  portions  of  the  naval  air- 
craft program.  In  addition  to  these  a  paper  on  The 
Liberty  Aircraft  Engine  was  presented  by  Jesse  G. 
Vincen|;.  Other  papers  dealing  with  the.  use.  of  aircraft 
over  land  and  water  were  given,  including  one  on  Mak- 
ing the  Airplane  a  Utility,  by  Grover  C.  Loening,  which 
dealt  with  the  commercial  possibilities  of  the  use  of 
high-speed  planes.  The  factors  involved  in  the  design  of 
aircraft  were  discussed  in  a  paper  by  Alexander  Klemin 
entitled  Experimental  Aeronautical  Engineering.  The 
concluding  paper  of  the  session  was  on  Forest  Products 
for  Aircraft  Use,  by  Clyde  H.  Teesdale  of  the  Forest 
Products  Laboratory.  This  dealt  with  the  research  and 
development  work  of  the  laboratory  in  connection  with 
the  finding  of  suitable  material  for  American  aircraft 
manufacturers. 

Treasurer's  Report 

'Treasurer  C.  B.  Whittelsey  submitted  a  financial  re- 
port for  the  fiscal  year  ended  Sept.  80,  1918,  which 
showed  assets  amounting  to  $79,008.92,  approximately 
$14,000  of  which  was  cash  and  $48,000  invested  funds, 
the  remainder  of  the  assets  being  composed  of  accounts 
receivable  and  inventories.    These  assets  exceeded  those 
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of  the  previous  fiscal  year  by  $19,334.48,  cash  and  in- 
vestment being  increased  by  $13,152.81,  and  inventory 
and  accounts  receivable  by  $6,181^67.  The  profit  and  loss 
aocount  for  the  last  fiscal  year  showed  income  amount- 
ing to  (166,627.69.  The  operative  cost  was  $146,621.26, 
leaving  a  net  profit  of  $15,006.43  for  the  year. 

Social  Features  -    .    , 

The  social  side  of  the  meeting  waa  not  overlooked.  A   ' 
reception  to  the  retiring  and  incoming  officers  of  the  ^ 
Society  was  held  on  Wednesday  evening  at  the  Hotel   - 
Astor.    A  short  illustrated  address  by  Ck)L  W.  A.  Bishop  ' 
of  the  Canadian  Air  Service  preceded  the  reception^     - 
which  was  followed  by  dancing.  '  ' 

The  following  night  the  Victory  Dinner  was  held  at. > 
the  Hatel  Astor,  at  which  over  1200  members  and  guests^ 
were  present.    The  Hon.  Job.  E.  Hedges,  who  was  intro- 
duced by   President  Kettering,   was  toastmaster^*  and 
speedies  were  made  by  Alfred  Reeves,  general  manager^ ' 
National  Automobile;  Chamber  of  Commerce  ;^  Chsfrles  M.  ^ 
Manly,  President-elect  of  the  Society;  John  N.  Willys  and'    ^ 
George  H.  Houston. 

After  the  dinner  the  meihbers  and  their  guests  went 
to  the  Midiiight  Whirl"  at  the  Century  Grove. 
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ADDRESS  OF  HON  JOB  E  HEDGES 

I  assume  that  an  automotive  engineer  is  a  sort  of 
self-starter,  getting  evenrthing  out  of  the  way  as 
soon  as  he  gets  under  motion*  It  follows,  therefore,  that 
we  know  exactly  what  the  Germans  thiidc  of  us  Ameri- 
cans. They  did  not  wait  to  get  into  contact  with  us.  It 
is  proper  that  a  part  of  our  festivities  should  be  given 
to  celebrating  the  victory  to  which  we  all  contributed  so 
markedly.  While  some  of  you  men  were  engineering, 
digging  trenches  and  constructing  fortifications,  there 
were  some  of  us  at  home  who  had  to  beg  money  to  sup- 
port those  abroad  and  to  construct  an  attitude  of  mind 
on  the  part  of  the  public  which  would  resist  all  the  at- 
tacks of  insidious  propaganda,  with  its  attendimt  weakr 
ening  of  morale.  There  were  also  men  in  doubt  as  to 
where  they  really  belonged.  They  were  abundantly  in- 
formed, however,  where  their  proper  place  of  location 
was.  Some  were  conscripted  and,  refusing  to  fight,  were' 
committed  to  jail.  I  regret  to  say  that  many  of  these, 
however,  have  been  discharged  with  full  pay  and  restora- 
tion before  the  soldiers  who  did  the  fighting  were  given 
opportunity  to  resume  their  peaceful  walks  abandoned 
for  the  war.  There  are  some  who  were  vociferous  in  their 
talk  before  the  war,  whispered  during  it,  and  finally 
ceased  from  vocalizing  only  for  reasons  of  physical 
safety.  In  the  last  mentioned  phase  of  their  conduct  they 
indicated  real  wisdom.  They  knew  better  than  to  be- 
long to  the  automotive  class. 

It  can  be  truthfully  said  that  we  helped  win  this  vic- 
tory. It  cannot  be  said,  and  should  not  be,  that  we  were 
the  only  element  in  winning  the  great  conflict  I  have 
always  envied  an  engineer  because  he  is  taught  to  rely 
and  necessarily  relies  on  himself.  An  automotive  en- 
gineer is  entitled  to  a  peculiar  meed  of  praise.  Once  upon 
a  time  I  tried  to  conduct  an  automotive  campaign.  Can- 
dor compels  me  to  say  it  was  not  a  success.  Possibly 
one  reason  was  that  at  that  time  tanks  had  not  been  con- 
structed. 

When  an  engineer  strays  from  his  accustomed  en- 
vironment, wanders  into  the  realm  of  psychology  and 
talks  about  vision,  I  frankly  admit  a  degree  of  confusion. 
Speaking  as  an  engineer,  I  view  the  difference  between 
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the  German  idea  of  efficiency  and  ours  to  be  that  the 
German  Government  reduces  men's  minds  and  hands  to 
a  common  plane  of  efficiency,  leaving  the  only  freedom 
that  of  receiving  and  taking  orders.  We  appeal  directly 
to  a  man's  soul  to  arouse  his  vision,  so  that  he  takes  his 
own  orders  from  his  own  intelligence,  and  our  combined 
action,  therefore,  represents  efficiency,  mental,  moral 
and  physical,  merged  into  a  composite  of  activity  which 
becomes  irresistible.  This,  among  others,  is  the  reason 
why  the  Germans  were  so  necessarily  and  decisively  de- 
feated. 

With  all  the  temporarily  dreadful  results,  it  will  ulti- 
mately be  a  good  thing  for  America  that  the  Kaiser  has 
lived,  and  a  good  thing  for  the  world  when  the  Kaiser 
is  finally  committed  to  the  place  that  Col.  Whittelsey  so 
aptly  designated  as  a  proper  resting  place  for  the  Hun 
soldier.  The  Kaiser  has  thoroughly  taught  the  world 
what  to  avoid  as  a  condition  of  wholesome  living,  and 
that  his  theories  furnish  no  foundation  for  a  structure 
for  modem  civilization.  He  has  also  demonstrated  that 
a  man  is  at  his  best  when  forced  to  admit  that  there  is 
something  bigger  than  he  is. 

Thus  it  is  that  the  engineer  is  the  best  one  who  ad- 
mits that  the  profession  of  engineering  is  larger  than 
himself.  Engineering  becomes  a  profession  when  the 
picture  painted  and  hung  represents  on  the  canvas  what 
can  best  be  done  for  the  human  race  by  the  individuals 
who  are  leaders  in  thought  and  action.  It  is  as  impos* 
sible  for  a  person  to  live  without  exercising  influence 
as  it  is  unrighteous  that  he  should  attempt  so  to  do. 
As  a  matter  of  logic,  entirdy  apart  from  morals,  no  one 
can  intelligently  segregate  himself  to  the  plane  of  mere 
enjojrment  and  disregard  duty  as  predicated  on  service. 
Nor,  on  the  other  hand,  is  our  duty  confined  to  our  im- 
mediate environment.  People  smile  in, their  own  lan- 
guage. The  international  language  is  that  of  ideas, 
which  indicates  that  human  suffering  wherever  found 
speaks  to  every  other  normal  human  being  in  a  language 
easily  appreciable  and  easily  responded  to  in  sympathy 
and  assistance.  Thus  it  is  that  in  whatever  language 
we  speak,  we  can  readily  communicate  our  ideas  to  those 
who  are  suffering  in  the  cause  of  righteousness.  This 
is  as  far  as  the  doctrine  of  nationalism  can  well  be  car- 
ried. 

When  the  Kaiser,  referred  to  merely  as  a  ^rpe^  started 
out  with  the  assumption  that  human  inteUigence^  emo- 
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tions  and  men's  soul§  ^ould  be  kept  within  the  confines 
of  his  dictum,  he  insulted  Almighty  God,  as  well  as  man's 
intelligence/ and  started  inevitably  on  the  road  to  de- 
struction. The  man  who  has  not  felt  through  the  war 
a  keen  thrill,  who  has  not  believed  and  understood  that 
there  is  a  bigger  thing  in  government  than  his  mere  re- 
lationship to  it  in  receiving  benefit,  has  not  learned  the 
lesson  of  the  war.  If  we  stand  for  anything  as  Ameri- 
cans, we  stand  for  those  wholesome,  decent  things  which 
we  "will  share  with  the  people  of  the  earth  and  which 
we  will  not  endeavor  to  enjoy  in  the  selfish  seclusion  of 
isolation.  By  this  I  mean  that  the  United  States  must 
always  be  alert  and  ready  to  contend  for  the'maintenanci' 
throughout  the  world  of  those  principles  on  which  w« 
base  our  own  civiHzation,  when  those  principles  are  at- 
tacked and  their  practice  threatened. 

The  crucial  test  of  the  American  people  is  yet  to  come. 
It  lies  in  the  problems  of  sustained  endeavor,  in  the 
prosaic  application  of  fundamental  principles  in  the  ap- 
proaching years,  unaccentuated  by  the  thrill  of  war  or 
the  exultation  induced  by  visible  and  audible  attack  from 
without.  Probably  no  man  in  this  room  will  live  long 
enough  to  see  American  thought  as  evidenced  in  its 
Constitution  and  traditions  restored  to  primal  place.  The 
passion  for  change,  the  tendency  to  novelty,  and  the  po- 
litical competition  for  publicity  incident  to  startfing  ad- 
vocacy, keep  the  public  mind  disturbed  and  aroused. 
There  is  a  constant  wrenching  and  straining  for  some- 
thing that  is  new  in  law  without  reflecting  that  in  the 
vast  majority  of  instances  there  is  already  enough  law 
properly  applied  to  meet  changing  conditions  and  that 
many  of  the  problehis  presented  have  no  place  in  the 
realm  of  law,  but  are  sbcial  propositions  where  we  seek 
to  shun  individual  responsibility  by  shifting  the  whole 
question  upon  the  shoulders  x>i  ofiicialdom.  The  stand- 
ards and  ideals  of  the  f aithers  need  study  only  to  insure 
the  revival  of  an  inspired  Americanism.  As  long  as 
there  are  people  sufficiently  unintelligent  among  our 
members  to  be  deceived,  there  will  always  b6  intelligent 
minds  without  moral  principles  to  take  advantage  of  that 
ignorance  for  self -exploitation*  The  responsibility  of ' 
information,  of  knowledge,  of  acquirement,  of  education, ' 
of  social  and' moral  wealth,  demands  peculiar  responsi- 
bilities toward  those  less  favored.  The  Republic  has  a 
right  to  expect  and  to  demand  from  the  well  capacitated 
that  they  shall  never  institute  civic,  discussion  from  false 
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premises,  and  that  in  talking  to  those  who  have  a  right 
to  look  up  to  them,  they  shall  never  deceive.  For  in- 
stance, we  did  not  go  into  this  war  to  preserve  democracy 
or  establish  it.  We  went  into  this  war  because  our  in- 
ternational rights  had  been  attacked  and  to  further  con- 
done that  attack  and  violation  without  rebuking  it  by 
armed  conflict  was  to  admit  that  we  were  without  a  po- 
tential sovereignty.  The  discussion  of  preserving  dem- 
ocracy for  the  world  or  the  world  for  democracy  was  a 
proposition  that  arose  afterward,  as  the  vision  of  the 
war,  unappreciated  in  its  beginning,  gradually  unfolded 
to  our  people.  The  sustained  endeavor  of  being  in  the 
war  required  for  the  average  mindf  not  logically  but 
practically,  a  broader  basis  than  the  violation  of  an  in- 
ternational right.  Now  that  the  enemy  has  been  de- 
feated, democracy,  as  popularly  known,  has  been  un- 
successf uUy  attacked.  Whether  it  will  be  affirmatively  a 
successful  doctrine  and  practice  and  reach  to  the  farthest 
confines  of  the  world,  depends  not  upon  the  force  of 
arms,  but  largely. through  precept  and  example.  In  other 
words,  the  possibility  and  strength  of  self-government, 
we  can  say«  without  undue  pride^  is  best  exemplified  in 
our  own  form  of  government.  Should  we  be  unsuccess- 
ful in  maintaining  our  own  standards  and  meeting  under 
our  form  of  government  new  and  developing  proposi- 
tions, and  demonstrate  as  a  result  that  we  are  unsuc- 
cessful, it  will  destroy  hope  throughout  Christendom. 
Therefore,  as  a  matter  of  substance,  with  the  war  over, 
we  are  fighting  the  battle  of  democracy  at  home  for  our 
own  selfish  purpose,  and  in  doing  that  through  our  ex- 
ample will  establish  it  more  firmly  throughout  the  world. 
Treason  to  our  Government  can  come  from  treasonable 
utterance  as  well  as  treasonable  conduct.  One  who  lis- 
tens without  rebuke  to  treasonable  utterance  in  substance 
adopts  it  and  is  therefore  in  fact  against  the  govern- 
ment to  which  he  theoretically  bears  allegiance.  He  who 
compromises  with  the  Bolshevik,  either  materially  or 
mentally,  permits  that  doctrine  to  progress  and  substi- 
tutes fear  for  stability  in  life.  Of  all  bodies  of  men  whose 
profession  requires  them  to  act  according  to  strict  scien- 
tific lines,  to  think  by  rule  and  formulas  and  thus  work 
up  to  their  aspirations,  with  the  broadening  effect  of 
vision  and  art  combined,  that  class  of  men  is  represented 
by  those  whom  I  am  addressing  tonight.  Therefore,  I 
make  an  especial  appeal  to  you  gentlemen,  that  you  shall 
contribute  your  part,  as  no  doubt  you  will,  through  the 
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vast  scope  of  your  activities  to  help  make  it  veorth  vehile 
for  a  man  to  be  able  to  say  "I  am  an  American  citizen.** 
Great  as  are  the  heroes  of  the  air,  great  as  are  the  men 
who  have  come  back  to  us  from  service  on  or  under  the 
ocean,  on  land  or  sea,  jadomed  veith  honors,  veekomed 
with  garlands,  and  with  minds  alert  to  the  sacrifice  that 
has  been  made,  there  still  remains  the  hero  at  home 
who  has  had  equal  longing  to  go  over  there  or  contribute 
his  life,  and  whose  heroism  is  shovni  by  the  quiet  unpro- 
claimed  martyrdom  with  which  he  has  lawfully  met  du- 
ties and  at  the  same  time  hdped  contribute  to  those  who 
did   the   actual   fighting.     Heroism   hereafter   will   be 
marked  in  the  enervating  times  of  peace  by  the  monot- 
onous life  of  daily  duty,  where  the  sacrifice  is  that  of 
ambition,  of  wealth,  of  means,  of  health,  of  time,  in  pur- 
suing silently  the  dictates  of  patriotism  so  genuine  that 
it  has  neither  to  be  advertised  nor  bragged  of.    So  sin- 
cerely do  I  feel  for  men  of  that  class  that  I  am  the  enemy 
of  anyone  who  seeks  to  remain  in  this  country  and  is  un- 
willing to  live  according  to  the  letter  and  spirit  of  our 
laws  and  follow  thereby  the  dictates  of  our  courts  and 
our  procedure.    To  permit  such  persons  to  remain  here  is 
to  pollute  our  own  citizenship.    We  read  in  the  public 
press  of  the  contentions  of  labor,  of  capital,  of  organiza- 
tion, the  struggle  for  efiftciency,  the  right  to  live  and  let 
live,  the  strife  as  to  who  shall  say  how  another  as  well 
as  himself  may  pursue  his  daily  walk.    These  things  will 
never  be  finally  solved  by  argument,  statute  or  uniformed 
authority  until  an  attitude  of  mind  is  established  which 
recognizes  that  the  real  test  for  the  right  to  prefer  per- 
sonal advantage  is  made  subordinate  to  a  duty  to  gov- 
ernment itself. 

A  peculiar  situation  has  arisen  from  the  war.  Among 
the  Allies,  naming  them  just  for  illustration,  we  Ameri- 
cans have  always  had  our  enthusiasm  aroused  by  men- 
tion of  the  French.  It  is  an  anomaly  of  history  that 
the  French  monarchy  made  democracy  possible  in  this 
country.  It  is  a  further  anomaly  that  it  was  our  dem- 
ocracy that  helped  establish  a  representative  form  of 
government  upon  the  foundations  of  that  very  monarchy. 
Since  then  we  have  enlisted  our  Army  and  Navy  and 
sent  them  abroad  to  help  preserve,  with  our  own  rights, 
that  same  French  democracy  attacked  by  a  monarchy 
which  grew  out  of  original  conditions  that  in  early  years 
furnished  precedents  for  democracy  itself. 

Sentiment  is  a  bigger,  grander  thing  than  law.    Each, 
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however,  requires  the  other.  The  passion  for  power  is 
instinctive.  The  continuation  of  power  unduly  centered 
means  tyranny.  The  passion  for  liberty  is  a  protest 
against  that  tyranny.  At  this  point  sentiment  assumes 
its  sway  and  by  its  protest  against  tyranny  furnishes  the 
opposition  to  overthrow  that  very  tsrranny,  and  the 
measure  of  service  is  marked  by  the  intellect  which  de- 
termines the  proportion  of  effort  we  are  willing  to  make 
to  sustain  the  sentiment  which  we  feeL 

I  can  understand  the  remark  that,  theoretically,  the  en- 
gineers regretted  that  the  war  could  not  have  continued 
further  until  the  preparations  scientifically  made  tor 
overcoming  our  enemy  could  have  been  put  fully  into 
practice.  That  thought  is  consistent  because,  while  no 
one  would  like  to  have  lost  an  added  life,  it  would  have 
been  satisfying  to  demonstrate  that  a  democracy  could 
have  furnished  in  its  fight  for  freedom  means  of  con- 
test more  effective  than  could  our  natural  opponent,  a 
concentrated  form  of  government  tsrpified  by  a  monaitA. 
However,  had  those  plans  been  fulfilled  there  would  not 
have  been  enough  Germans  left  to  reorganize  and  pay  tiie 
indemnities.  A  repenting  Hun  working  to  pay  the  price 
of  his  bad  judgment  and  brutality  is  better  than  a  dead 
German  unregenerate. 


ADDRESS  OF  JOHN  N  WILLYS 

I  believe  that  ijie  time  has  come  to  change  our  theory 
of  labor;  the  old  idea  that  the  capitalist's  and  the 
manufacturer's  sole  aim  is  to  get  everything  he  can 
out  of  his  labor  and  give  him  little  for  it,  is  wrong. 
I  think  that  when  Ifr.  Ford  put  the  $5  per  day  program 
in  operation  he  made  the  biggest  hit  of  his  life.  The  next 
day  after  Mr.  Ford  promulgated  his  $5  per  day  plan,  my 
general  superintendent  came  to  me  and  said,  ''Mr.  Willys, 
what  are  we  going  to  do?  All  our  men  are  going  to  leave 
us  and  I  do  not  know  what  we  shall  do.''  I  said, 
''Wdl,  Harry,  they  cannot  all  leave  us,  because  Ford  can- 
not take  all  of  them."  The  superintendent  asked  if  we 
could  put  this  sune  plan  in  operation,  and  I  said  we 
could  not  That  was  the  way  I  felt  about  it  at  that  time. 
If  I  had  to  do  it  over,  I  would  not  have  been  24  hr.  in 
foQowing  Hr.  Ford's  plan.  He  proved  that  it  was  a 
successful  plan  from  the  standpoint  of  the  manufacturer. 
The  man  who  made  radiators  made  twice  as  many,  be- 
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cause  he  drove  the  men.  He  found  the  very  best  labor 
in  the  industry  would  come  to  him  for  employment. 

I  believe  in  the  plan  which  we  are  about  to  adopt  of 
dividing  the  profit  above  just  compensation  for  capital. 
Of  course,  the  lawyer  will  see  that  is  definitely  under- 
stood that  if  we  divide  the  profit  we  shall  get  the  co- 
operation of  our  labor.  We  are  not  going  to  have  to 
drive  the  labor  as  Ford  did,  but  are  going  to  get  each 
employe  to  drive  every  other  employe  in  our  institution 
to  do  his  duty,  to  give  us  a  fair  day's  work.  In  one  of 
the  institutions  in  which  I  am  interested,  we  started  a 
piecework  plan.  One  operator  on  a  machine,  who  had  been 
producing  a  certain  number  of  parts  at  day  labor  and  a 
good  day's  labor,  when  this  piecework  plan  was  put  in 
operation,  gave  us  the  very  next  day  three  times  as  many 
parts  as  he  did  under  the  old  scheme.  That  shows  that 
labor  was  not  cooperating.  While  we  hear  talk  about 
what  capital  must  do,  I  can  say  tonight  that  labor  must 
do  its  share  as  well  as  capital. 

I  believe  that  there  are  a  great  many  ways  in  which 
the  work  will  be  improved.  One  will  be  departmental 
efficiency.  When  one  department  struggles  against  an- 
other for  position,  we  shall,  I  believe,  get  great  efficiency. 
I  am  satisfied  that  the  plan  can  be  worked  out.  I  did  not 
hesitate  to  put  it  into  operation  the  first  of  the  year.  I 
think  that  the  way  to  work  it  out  is  not  to  try  to  settle 
details  before  we  start,  but  to  set  a  date  for  the  plan  to 
go  into  effect,  working  out  the  details  later. 


ADDRESS  OPPRESIDENT-ELECT  MANLY 

The  thing  that  impresses  me  more  than  anything 
else  in  connection  with  the  whole  war  work  is  the 
value  of  coo7>eration,  and  foremost  the  vast  amount  of 
cooperation  of  the  engineers.  It  is  well  known  that  most 
business  men  have  felt  that  engineers  could  not  co- 
operate.. This  war,  if  it  has  done  nothing  else,  has 
proved  to  the  business  men  of  the  country  that  engineers 
can  cooperate. 

The  work  that  lies  before  us  now  is  much  more  im- 
portant than  what  has  gone  before.  The  need  of  co- 
operation in  solving  the  great  problems  confronting  us,  to 
which  our  vision  has  been  led  by  the  work  during  the 
war,  is  imperative.  The  importance,  which  has  been 
emphasized  by  Mr.  Kettering,  of  keeping  the  front  doof 
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open  so  as  not  to  shut  out  many  times  more  than  we  have 
in  our  shop  individually  has  been  exemplified  by  the  his- 
tory of  this  Society  more  I  think  than  by  that  of  any  other 
Society  of  this  or  any  other  country.  Starting  with  the 
automobile  trade,  and  taking  the  work  of  the  automobile 
engineer,  who  was  the  typical  kind  of  engineer  in  the 
Society  originally,  there  is  certainly  no  other  body  of 
men  in  the  country  devoted  to  work  which  involves  de- 
sign and  construction  requiring  vision,  in  which  there 
is  that  spirit  of  wanting  to  bring  everything  in  through 
the  front  door  and  being  careful  to  avoid  locking 
anything  out.  A  great  many  people  have  said  that 
the  great  conflict  we  have  had  was  an  engineer's  war. 
The  question  has  frequently  been  asked,  "What  is  an 
engineer?"  It  seems  to  me  that  the  war  has  helped 
to  answer  that  to  a  very  large  extent.  There  has  never 
been  a  business  in  which  the  fact  was  demonstrated  so 
clearly  that  there  is  no  line  of  work  in  which  all  men 
who  really  know  how  to  do  things,  cannot  cooperate  to 
produce  the  big  result.  This  war  has  certainly  brought 
to  the  fore  men  of  every  walk  of  life,  of  every  profession, 
of  every  line  of  thought,  and  welded  them  as  one.  The 
various  thoughts  merged  into  one  big,  main  idea  of  win- 
ning the  war,  concentrating  all  attention  on  that.  Now, 
if  we  can  all  concentrate  on  the  big  thing  that  lies  before 
us,  which  is  not  merely  the  building  up  of  trade,  but  the 
building  up  of  a  strong  feeling  that  this  is  our  country, 
that  we  have  commenced  to  take  a  great  deal  more  in- 
terest in  it  than  ever  before,  and  we  give  to  the  large 
questions  that  lie  before  the  c6untry  even  a  small  frac- 
tion of  the  attention  we  have  given  to  the  work  of  the 
war,  the  benefits  that  will  accrue  to  the  country  will  be 
very  great. 

I  hope  that  our  work  of  the  coming  year  will  demon- 
strate that  the  letters  S.  A.  E.  stand  not  only  for  Society 
of  Automotive  Engineers  but  for  Society  of  American 
Engitieei^. 

ADDRESS  OF  ALFRED  REEVES 

On  behalf  of  the  manufacturers,  who  are  deeply  in- 
terested in  your  work  and  your  welfare,  I  am  glad 
to  greet  the  members  of  the  Society  of  Automotive. En- 
gineers, who  are  making  history  in  this  country.  I  am 
particularly  glad  to  greet  those  engineers  who  spent  the 
past  year  with  us  in  Washington,  where  they  did  such 
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great  work  for  the  war.  The  war  has  been  a  great  binder 
for  the  men  in  the  automobile  industry.  It  brought 
even  greater  cooperation  than  ever  bef  ore,  which  I  know 
will  continue  and  broaden. 

Thanks  to  the  efforts  of  you  men  in  cooperation  with 
the  automobile  manufacturers,  there  is  now  a  real  ap- 
preciation, not  alone  at  Washington,  but  throughout  the 
country,  of  the  merit  of  the  automobile.  Congressmen 
admit  that  the  passenger  car,  as  well  as  the  truck,  has 
utility  value.  They  declare  the  proposed  new  taxes  on 
the  industry  are  made  necessary  by  the  war.  However, 
they  no  longer  put  automobiles  in  the  class  with  luxuries. 
While  we  must  agree  that  the  taxes  are  unfair  and  dis- 
criminatory, if  they  are  needed  to  pay  our  war  debt,  the 
automobile  manufacturers  and  dealers  are  not  going  to 
lack  in  patriotism. 

It  behooves  the  aiitomobilists  to  organize  even  more 
highly  than  they  are  now  organized,  to  teach  our  law 
makers  and  the  public  why  the  time  has  passed  when 
an  automobile  owner  should  be  singled  out  for  special 
taxes  not  placed  on  other  users  of  the  roads. 

We  still  have  some  great  problems  in  our  country,  as 
well  as  in  our  industry,  but  this  is  a  great  nation  and  I 
have  no  fear  of  the  final  outcome.  I  have  a  profound 
respect  for  American  good  sense  and  balance.  What  we 
want  in  this  country  is  thinkers,  not  tinkers;  optimists, 
not  pessimists;  doers,  not  doubters;  constructionists, 
not  obstructionists.  What  we  need  is  men  with  red 
blood  who  are  willing  to  speak  for  the  right.  We  want 
a  square  deal  for  capital  and  for  labor,  and  a  square 
deal  by  capital  and  by  labor.  This  automobile  industry, 
gentlemen,  is  leading  the  way  to  the  cure  for  much  of 
the  unrest  of  which  we  hear.  It  has  always  been  a  great 
cooperative  industry  and  taken  care  of  its  workers. 

My  faith  in  the  men  who  are  in  this  room  is  such  that 
I  have  a  vision  of  what  the  future  is  going  to  bring.  I 
see  wonderful  tractors  helping  to  raise  food  for  the  na- 
tions of  the  world,  with  gas  engines  doing  the  heavy 
work  on  farms  in  this  great  gasoline  age.  I  see  airplanes, 
safe,  easy  to  handle  and  capable  of  landing  in  steall 
spaces.  I  see  a  great  network  of  good  roads  throughout 
the  country  as  an  answer  to  the  only  present  limiting 
factor  to  increased  sales  of  motor  cars  and  trucks. 

I  see  automobiles  much  lighter,  more  carefully  made, 
and  with  engines  and  carbureters  capable  of  handling  the 
lowest  grades  of  fuel,  and  supplying  greater  mileage  per 
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gallon  of  fuel  than  at  present.  I  see  cars  with  concealed 
spare  tires  and  concealed  folding  tops.  I  see  cars  with 
adjustable  seats,  better  spring  suspension  and  scores  of 
other  improvements  which  the  public  demands  and  is 
ready  to  pay  for.  And,  above  all,  I  see  the  people  of  the 
countries  of  all  the  world,  with  their  products,  being 
transported  quickly  and  cheaply  in  wonderfully  eflScient 
motor  vehicles  designed  by  the  real  genius  of  today,  the 
American  automotive  engineer. 


ADDRESS  OF  GEORGE  H  HOUSTON 

The  science  of  aeronautics  has  developed  the  airplane 
and  the  balloon,  an  aeronautic  industry,  and  great 
flyers.  It  has  developed  throughout  the  world  a  group  of 
great  engineers.  It  has  given  those  men  who  led  us  in 
Washington  in  the  development  of  the  whole  aeronautical 
program  an  opportunity  to  see  what  a  real  man's  job 
could  be  and  how  it  could  be  handled. 

Our  great  thought  lies  with  the  future.  A  year  ago,  at 
the  S.  A.  E.  dinner,  we  listened  to  an  able  presentation 
of  the  plans  for  aeronautical  development  in  this 
country  from  a  military  point  of  view,  and  those  of  us 
who  were  engrossed  to  the  absolute  limit  of  our  mental 
and  physical  capacities  in  executing  that  program  were 
much  encouraged  by  what  we  heard.  We  saw  then  the 
vision  of  a  great  air  fleet,  and  as  a  member  of  the  citi- 
zenry of  this  country  who  has  been  working  for  the 
past  year  in  this  industry,  I  want  to  say  I  am  proud  to 
have  spent  it  with  those  men  and  under  that  plan.  I 
have  seen  it  work  out  from  nothing  to  one  of  the  great 
movements  of  America  in  the  war.  The  war  is  over  now 
however,  and  we  see  a  great  science,  a  great  industry  de- 
veloped, and  a  great  art  which  should  be  an  addition  to 
civilization  for  all  time  to  come.  For  the  moment  stand- 
ing still,  marking  time,  we  are  all  trying  to  readjust  our- 
selves to  the  peace-time  conditions.  We  are  trying  to  get 
the  perspective  that  we  must  have  before  we  can  go  on. 
If  I  can  give  you  gentlemen  the  least  indication  of  what 
our  future  in  this  industry  can  be,  I  shall  feel  that  my 
efforts  have  been  thoroughly  repaid. 

It  has  seemed  to  me  that  in  looking  ahead  the  first 
thing  we  must  do  is  to  formulate  more  perfectly  our 
theories  of  aeronautics,  our  theories  of  human  flight, 
into  an  exact  science,  and  crsrstallize  it  into  tangible, 
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definite  data  upon  which  to  work.  This  science  today  is 
out  of  its  swaddling  clothes,  but  it  is  still  very  immature; 
those  of  us  who  have  been  working  with  it  for  a  period 
realize  this  much  more  than  the  average  man.  As  this 
science  becomes  crystallized,  our  engineers  must  continue 
to  apply  it.  We.  cannot  develop  aircraft  like  manufac- 
turers want  to  build  automobiles,  because  we  are  some 
fifteen  years  behind  the  automobile.  We  have  got  to  re- 
main flexible  in  our  ideas ;  we  must  respond  quickly  to  the 
new  thought,  the  new  conception,  the  dream  of  the  in- 
ventor.   We  must  keep  our  designs  up  to  date. 

Flight  is  in  the  air,  over  the  land,  over  peoples'  houses, 
and  over  everything  which  in  the  mind  of  the  law  is 
sacred.  We  have  got  to  develop  an  entirely  new  theory 
of  Governmental  control.  We  do  not  yet  know  what  the 
law  of  the  air  should  be ;  we  do  not  know  yet  what  it  can 
be;  we  have,  as  it  were,  to  develop  a  theory  of  the  fourth 
dimension  before  we  can  establish  this  legislation.  And 
yet,  gentlemen,  aircraft  can  never  come  into  common  use 
in  any  country  until  there  is  a  body  of  laws  that  will 
enable  us  to  govern  it  and  to  protect  ourselves  from  the 
reckless  and  criminal  without  discouraging  or  interfer- 
ing with  legitimate  flight. 

We  must,  then,  begin  at  once,  with  the  end  of  our  war 
work,  and  put  the  entire  aircraft  industry  through  a 
period  of  disorganization,  and  then  have  a  reorganization. 
When  the  armistice  was  signed  the  war  ended.  At  that 
time  the  aircraft  industry  as  a  whole  was  one  of  the 
greatest  transportation  industries  of  the  world,  ranking 
equally  with  any,  except  possibly  that  of  steamships.  It 
must  immediately  reduce  itself  to  only  a  fractional  por- 
tion; it  must  do  that  without  loss  of  morale,  initiative,  or 
any  of  the  resources  or  personnel  or  capital  that  it  needs. 
We  can  thank  God  that  in  the  S.  A.  E.  we  have  a  great 
automotive  industry  into  which  this  excess  of  plant  fa- 
cility organization  and  capital  can  flow. 

If  we  go  about  this  disorganization  courageously  and 
carefully,  without  hysteria  but  without  any  illusions  of 
what  the  present  means,  then  as  the  future  develops  we 
can  again  reconstruct.  It  is  of  the  most  vital  importance 
that  at  this  time  we  carry  out  this  disorganization  prop- 
erly, so  that  as  the  period  of  reconstruction  begins  we  can 
have  a  record  saying,  "Careful  management  of  the  liqui- 
dation of  the  investment  without  undue  loss  and  of  the 
transfer  of  personnel  without  injury  to  that  personnel.'' 
If  we  do  that,  when  the  reconstruction  period  commences 
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we  can  bring  back  into  this  industry  the  facilities  and 
men  and  capital  that  we  need. 

Finally,  we  must  face  the  application  of  the  airplane 
to  our  daily  life.  This  is  one  of  the  most  fascinating 
problems  ahead  of  us.  We  talk  with  ease  about  the  use 
of  the  airplane  and  the  balloon  for  military  purposes;  we 
have  talked  with  the  Post  Office  authorities  on  the  problem 
of  carrying  mail ;  we  have  discussed  with  South  America 
the  problems  of  flight,  for  both  mail  and  passenger  pur- 
poses. But  we  are  just  scratching  the  surface  of  the 
possible  application  of  this  wonderful  thing  that  is  com- 
ing into  our  lives.  What  we  do  with  it,  as  compared  with 
England,  France,  Italy  and  Germany,  is  going  to  depend 
upon  us.  If  we  as  American  citizens  expect  to  stand 
shoulder  to  shoulder  with  these  people  abroad,  who  have 
learned  even  better  than  we  what  cooperation  means,  we 
have  got  to  do  it  through  such  an  organization  as  this. 

In  redeveloping  the  whole  aeronautical  science  for 
peace-time  purposes,  the  whole  aeronautical  industry  for 
the  future,  we  must  depend  first  of  all  upon  the  engineer. 
If  you  perform  your  task  properly,  if  you  develop  this 
science,  if  you  apply  it  in  a  practical  way  in  the  design 
of  your  product,  if  you  teach  people  how  your  products 
can  be  used  in.  everyday  life  without  destruction  of  life 
and  property,  a  decade  from  now  we  will  have  in  process 
of  development  one  of  the  greatest,  if  not  the  greatest, 
transportation  industry  of  our  country.  In  this  develop- 
ment the  Society  of  Automotive  Engineers  must  lead. 
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ANNUAL  MEETING  PAPERS 

TANKS 

By  Herbert  W  Alden* 

THE  track-laying  type  of  vehicle  is,  of  course,  old. 
The  emergency  which  brought  the  modem  **tank** 
into  existence  was  the  menace  of  the  machine-gun.  The 
tank  is  simply  a  device  that  can  approach  closely  and 
destroy  the  gun  or  its  crew.  It  is  fundamentally  a  man 
killer,  and  its  strongest  points  are  speed  and  mobility. 
It  is  now  an  indispensable  arm  of  the  military  service. 

The  ¥rriter  gives  a  rapid  resume  of  the  fantastic 
period  in  design,  the  early  work  done  on  heavy  armored 
cars  and  the  reasons  for  concentrating  on  the  track- 
lasring  type  of  vehicle.  The  American  type  of  track 
was  adopted  as  a  foundation  and  from  this  and  around 
it  France,  England  and  the  United  -States  have  devel- 
oped the  tanks  known  through  successful  use  in  the 
war.  The  British  are  to  be  credited  with  producing 
the  first  practical  fighting  machine  of  this  type.  France 
has  two  types  of  machine,  one  mechanically  driven  and 
the  other  with  electric  drive,  both  small.  The  Ameri- 
can Army  used  both  the  large  and  the  small  machines; 
the  French  Renault,  selected  for  light,  speedy  work,  and 
a  modified  design  of  the  huge  British  tank,  produced 
by  British  and  American  ordnance  engineers  working 
jointly  in  London  during  the  winter  of  1917-1918. 

The  development  of  the  tank  has  been  almost  a  ro- 
mance. The  future  presents  great  possibilities  for 
it.  Three  sizes  appear  to  be  needed  and  they  must 
be  fast,  easily  maneuverable  and  have  a  large  radius 
of  action. 

The  purpose  of  this  paper  is  not  a  technical  consid- 
eration of  the  subject  of  tanks.  The  subject  is  too 
young  and  in  too  rapid  a  state  of  fiux  to  warrant 
such  treatment.  From  time  to  time,  since  the  signing 
of  the  armistice,  much  technical  data  have  been  published, 
and  more  will  be.  Duplication  of  these  here  would  be 
a  waste  of  time.  Therefore,  this  paper  will  be  devoted  to 
those  phases  of  the  subject  which  might  not  otherwise 
be  published. 

Like  many  another  trite  saying,  the  old  adage  that 


'^Formerly  Lieutenant-Colonel.  U.  S.  A-,  and  assistant  to  Chitt 
of  Ordnance,  in  charge  of  tank  enorineering  work.  Vice-president, 
Timken-Detroit  Axle  Co.,  Detroit,  Mich. 
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'there  is  nothing  new  under  the  sun'*  is  only  partly  true. 
When  some  old  idea  or  device  is  modified  and  developed 
to  a  point  where  distinctly  new  results  are  accomplished, 
then  that  thing  is,  by  right,  entitled  to  be  called  new. 
The  recent  war  is  responsible  for  many  such  new  forms 
of  old  ideas,  and  not  the  least  by  any  means  among  these 
things  is  the  tank,  which  has  played  so  important  a  part 
in  winning  the  war. 

Reasons  for  Development  of  the  Tank 

The  origin  of  the  name  has  been  the  cause  of  many 
fancy  stories.  The  reason  for  choosing  this  name,  how- 
ever, was  simply  as  a  blind  to  conceal  the  real  purpose. 
There  is  always  a  cause  for  every  result,  and  there  was  a 
very  serious  cause  for  the  coming  of  the  tank.  It  did  not 
"just  happen.''  Nothing  ever  does,  for  that  matter.  The 
very  urgent  need  which  brought  the  tank  into  existence 
was  the  menace  of  the  machine-gun.  The  tank  problem 
cannot  be  correctly  understood  nor  solved  if  this  fact 
is  lost  sight  of.  This  is  the  first  war  in  which  the  ma- 
chine-gun was  used  in  large  numbers.  It  was  known 
before,  and  used  to  some  extent,  but  its  use  in  a  wholesale 
manner  never  before  occurred.  This  use  in  large  num- 
bers very  nearly  revolutionized  warfare.  Enough  ma- 
chine-guns, properly  placed,  were  almost  impregnable. 
Behind  barbed  wire,  and  in  concrete  redoubts,  they  could 
be  taken  only  at  a  great  sacrifice  of  man  power — ^usually 
too  great  to  be  considered. 

Something  had  to^be  done.  The  first  method  was  that 
of  intensive  preliminary  bombardment;  that  is,  firing 
a  stupendous  quantity  of  shells  into  a  given  area.  The 
prodigal  use  of  shells  for  this  purpose  was  staggering, 
running  literally  into  the  millions.  Even  this  amazing 
use  of  ammunition,  however,  would  have  been  warranted 
if  consistent  results  had  been  secured.  But  they  were 
not 

In  the  first  place,  the  machine-guns  were  not  completely 
obliterated,  strange  as  this  may  seem.  One  notable  ex- 
ample was  the  so-called  Pomem  Redoubt  in  the  Ypres 
sector,  which  I  examined  in  the  fall  of  '1917.  It  is 
not  far  from  Paeschaendale  Ridge,  and  the  fighting 
at  this  place  was  in  full  sight  at  the  time.  This  emplace- 
ment was  in  reality  a  series  of  continuous  ''pill  boxes'' 
of  reinforced  concrete,  laid  out  in  an  arc  of  about  45  deg., 
the  chord  of  the  arc  being  about  700  ft.,  and  including 
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perhaps  fifty  machine-guns.  It  faced  the  British  on  a 
gentle  slope,  and  the  roof  of  the  emplacement  was  per- 
haps 3  to  4  ft.  above  the  ground.  The  ground  all  about 
had  been  completely  pulverized  by  shell  fire.  Many  shots 
had  struck  the  redoubt,  but  it  was  still  intact  and  service- 
able. Repeated  infantry  assaults  were  made,  but  to  no 
purpose.  Tanks  were  then  brought  up,  and  two  hours 
was  all  the  time  they  needed.  Being  immune  against 
machine-gun  fire,  they  waddled  right  up  to  and  over  the 
emplacement  and  took  it  from  the  rear. 

In  the  second  place,  the  pulverizing  of  the  ground 
made  it  almost  impassable  for  infantry,  and  reduced  the 
efFectlveness  of  infantry  assault.  The  difi^ulty  of  march- 
ing across  this  kind  of  ground  cannot  be  described.  It 
has  to  be  done  in  person  to  be  appreciated.  Many  hours 
of  walking  over  such  places  has  given  me  an  in- 
creased respect  for  the  endurance  of  the  modem  soldier. 
That  he  can  advance  miles  through  this  terrain  and  then 
be  ready  to  fight  as  he  does  is  almost  unbelievable. 

In  the  third  place,  preliminary  bombardment  completely 
eliminates  the  element  of  surprise.  It  is  like  pausing  in 
a  prize  fight  and  telling  one's  opponent  that  the  next 
blow  is  coming  on  the  point  of  his  jaw,  so  he  had  best 
get  his  guard  up. 

It  is  quite  plain  from  the  above  that  something  new 
had  to  come,  and  come  it  did  in  the  form  of  the  tank. 
Fundamentally,  the  tank  is  simply  a  device  that  can  come 
to  close  quarters  with  a  machine-gun  and  destroy  it  or 
its  crew.  The  armored  motor  car  had  been  used  to  some 
extent  pri6r  to  this  war.  It  was  confined,  however,  to 
fairly  good  terrain.  Also,  to  armor  it  sufficiently  to  keep 
out  armor-piercing  bullets  rendered  it  too  clumsy.  In- 
creasing its  size  helped  little,  for  it  was  still  on  wheels, 
and  no  wheeled  vehicle  would  answer.  The  track-laying 
type  of  vehicle  was,  of  course,  old,  but  nothing  had  ever 
been  constructed  capable  of  negotiating  the  terrain  of  a 
modem  battlefield. 

The  tank  was  the  successful  solution  of  this  many- 
sided  problem.  It  should  be  remembered  that  the  tank 
is  fundamentally  a  man  killer  and  not  a  fort  destroyer; 
also  that  its  greatest  defense  against  heavy  artillery  fire 
lies  not  in  the  armor  it  carries  but  in  its  own  speed  and 
mobility.    This  will  be  referred  to  more  in  detail  later. 

The  number  of  fantastic  ideas  of  supertanks  sufficiently 
heavily  armored  to  withstand  artillery  fire  has  been  le- 
gion.   Those  who  have  been  engaged  In  the  solution  of 
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the  tank  problem  have  been  bombarded  from  above  and 
below,  from  within  and  without,  by  the  inventors  of 
ponderous  machines  whose  very  "ponderosity"  would  be 
their  own  undoing.  On  this  subject  I  speak  feelingly, 
as  I  have  been  the  target  of  a  steady  fire  of  criticism  from 
those  who  did  not  understand  the  real  issues. 


A  6-ToN  Tank  Bejnq  Loaded  on  a  Trailer 

It  may  seem  that  this  matter  has  been  dealt  with 
too  much  in  detail,  but  it  is  my  desire  to  get  the  real 
problem  before  you,  as  it  is  all  too  little  understood. 
This  was  true  even  of  the  military  authorities  them- 
selves in  the  early  days,  and  the  general  public  may  be 
excused  if  it  also  is  a  little  at  sea. 

It  is  doubtful  if  any  new  means  of  warfare  has  had 
so  hard  a  time  getting  started  and  securing  its  just  con- 
sideration as  has  the  tank.  Thanks,  however,  to  its 
inherent  value,  it  has  steadily  advanced  and  demon- 
strated its  worth,  and  now  is  universally  accepted  as  an 
indispensable  arm  of  the  service.  Its  future  is  secure. 
Its  development  has  only  just  begun,  and  even  those 
who  have  given  it  their  individual  attention  feel  that  it 
is  yet  in  its  infancy  and  is  capable  of  wonderful  improve- 
ment. 

Work  Done  by  the  English 

To  the  English  belongs  the  credit  of  producing  the  first 
practical  fighting  machine  of  this  type.  Their  first  at- 
tempt was  along  the  lines  of  a  heavy  armored  car.  This 
was  not  successful.  Then  they  turned  to  the  track-laying 
type  of  vehicle.    It  should  be  said  here  that  the  first  man. 
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probably,  who  suggested  the  idea  of  a  large  fighting 
vehicle,  and  who  had  a  sufficiently  clear  grasp  of  the 
problem,  was  Lieut.-Col.,  now  Brig.-Gen.,  Swinton,  who 
had,  several  years  before  the  war,  broached  the  idea,  and 
early  in  the  war  had  argued  its  value  and  the  tactics 
accompanying  its  use. 

It  remained  for  two  others  to  make  it  mechanically 
practicable.  Major  Wilson  of  the  British  Army  and  Sir 
William  Tritton,  manufacturer  of  agricultural  machinery, 
worked  on  the  problem  of  the  track-laying  typ^  using 
the  American  type  of  track  as  a  foundation.  It  seems 
to  me  that  the  really  new  feature  of  the  large  t3l>e  of 
tank  was  carrying  the  track  all  the  way  around  the 
body  of  the  machine,  and  this  design  was  the  result 
of  the  joint  labor  of  these  two  men.  To  negotiate  wide 
trenches  required  a  long  machine.  To  climb  over  obstruc- 
tions, particularly  vertical  walls,  reqy^^red  great  climbing 
abili^  at  the  front  end.  These  requirements  were  both 
met  in  the  long,  rigid  type  of  vehicle  and  the  all-around 
track  working  up  on  a  sloping  front.  These  features, 
which  were  first  combined  by  the  two  men  mentioned, 
marked  the  design  of  a  new  type  of  machine,  which  was 
a  practical  success  from  the  start. 

We  have  now  seen  how  the  main  idea  was  conceived, 
almost  in  its  entirety,  by  Swinton,  and  how  this  idea 
was  made  mechanically  possible  by  Wilson  and  Tritton. 
Many  an  exceUent  thing,  however,  dies  right  at  this 
stage  for  want  of  some  one  with  faith  in  its  usefulness 
and  persistence  in  its  creation  to  ''put  it  over,"  as  we  say. 
This  part  of  the  task  fell  to  two  other  officers.  Sir  E. 
d'Eyncourt  and  Lieut.-CoL  Sir  A.  G.  Stem.  Too  much 
credit  cannot  be  given  to  them,  for  in  the  early  days 
ninety-nine  out  of  every  hundred  men  looked  upon  the 
scheme  as  chimerical  They  were  unable  to  get  much 
backing,  but  their  faith  and  persistence  finally  were  suc- 
cessful 

They  were  handicapped  by  the  critical  situation  of 
English  production  resources  at  the  time,  and  were 
allowed  to  use  only  such  material  as  could  be  made 
available.  Hence  they  had  to  use  a  heavy,  station* 
ary  type  of  engine.  A  100-hp.  unit  was  the  largest  avail- 
able. It  was  inadequate  to  give  the  best  results,  and 
many  of  the  early  difficulties  of  operation  are  traceable 
to  lack  of  power.  Some  of  the  essentials  of  tank  design 
were,  naturally,  not  appreciated  at  first.  Besides  a  lack 
of  power,  these  earlier  machines  suffered  from  too  great 
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a  unit-ground-pressure.    This  caused  them  often  to  get 
mired  in  soft  mud. 

The  Tanks  in  Action 

As  noted  above,  even  the  military  authorities  did  not 
fully  understand  how  to  use  the  tanks.  Usually,  in  the 
early  days,  they  were  sent  "over  the  top"  after  an  intense 
bombardment,  whieh  created  a  condition  of  terrain  almost 
impassable  for  man,  beast  or  machine.  Consequently, 
while  effective  in  some  degree,  their  full  value  could  not 
be  attained.  At  Gambrai,  in  October,  1917,  however,  they 
had  their  first  real  chance.  Here  they  were  used  in  large 
numbers,  and  there  was  no  preliminary  bombardment. 
This  fact  meant  surprise  to  the  enemy  and  good  terrain 
to  operate  on.  The  results  were  remarkable,  and  since 
then  the  most  skeptical  critic  has  had  little  to  say.  The 
subsequent  reverse  at  Cambrai  was  in  no  wise  connected 
with  the  employment  of  tanks.  Two  most  interestipg 
facts  were  the  result  of  this  attack.     First,  the  saving 


A   3-ToN   Tank 

in  ammunition — ^which  would  have  been  used  according 
to  the  old  system  in  this  one  engagement — equaled  the 
entire  expense  of  the  whole  tank  development  up  to  that 
time.  The  tank  squared  financial  accounts  in  this  one 
engagement.  Second,  the  finest,  and  supposedly  the  most 
impregnable,  section  of  the  famous  Hindenburg  line  was 
crossed  and  captured  with  ease. 
The  French  had  been  busy,  too,  during  this  period. 
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Only  a  little  later  than  the  English,  they  started  develop- 
ing a  tank.  They  completed  and  put  into  the  fighting 
line  two  machines,  one  made  by  the  Schneider  Company, 
and  one  by  St.  Chamond,  the  former  being  mechanically 
driven,  while  the  latter  was  of  the  gas-electric  type.  Both 
were  equipped  with  one  75-mm.  gun  and  several  machine- 
guns  in  addition.  These  two  machines  were  not,  how- 
ever, of  the  type  of  the  English  tank,  with  its  all-around 
track.  They  were  practically  overgrown  caterpillar  trac- 
tors, with  the  necessary  equipment  mounted  thereon. 
The  bodies,  in  each  case,  extended,  both  fore  and  aft, 
considerably  beyond  the  ends  (A  th<3  track  proper,  and 
also  extended  over  the  top  of  the  tracks.  This  construc- 
tion imposed  serious  limitations  on  the  ability  of  the 
machines  to  negotiate  bad  terrain.  Like  the  English 
tanks,  they  were  somewhat  lacking  in  power,  which,  taken 
together  with  the  overhanging  body  features,  seriously 
curtailed  their  action. 

The  French  quickly  arrived  at  the  opinion  that  large 
tanks  would  not  be  successful,  although  subsequent  de- 
velopments with  the  English  tank  showed  that  in  this 
respect  they  were  much  mistaken. '  In  many  ways,,  how- 
ever, their  decision  was  fortunate,  in  that  it  led  them 
to  turn  their  attention  at  once  to  the  construction  of  a 
smaller  machine.  The  result  of  this  decision  was  the 
development  by  Louis  Renault  of  a  small  two-man  tank 
capable  of  considerable  speed  and  possessed  of  a  very 
fair  amount  of  power  per  unit  of  weight.  In  many  ways, 
the  small  Renault  tank  is  a  very  remarkable  machine. 
It  will  cross  trenches  up  to  5  or  6  ft.  wide.  It  will  climb 
grades  of  one  in  one,  or  100  per  cent.  It  will  hold  a  speed 
on  a  level  of  about  5  miles  per  hr. 

These  tanks  were  built  of  two  kinds,  one  equipped  with 
a  87-mm.  one-pounder  semi-automatic  gun,  and  the  other 
with  a  Hotchkiss  machine-gun/  These  were  used. in  about 
a  50-50  ratio  in  actual  fighting. 

The  tracks  were  spring  suspended,  which  enabled  a 
speed  of  5  or  6  miles  per  hr.  to  be  easily  maintained 
without  serious  detriment  to  the  machine.  In  fact,  some 
of  these  machines,  since  equipped  with  more  powerful 
engines,  have  successfully  made  10  miles  per  hr.  across 
open  territory. 

It  is  very  natural  that  the  experience  of  the  French 
with  their  first  large  tank  should  have  convinced  them 
that  the  small  unit  was  the  solution  of  the  tank  problem. 
It  was  equally  natural  that  the  success  of  the  British 
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with  their  large  tank  should  have,  at  first,  convinced 
them  that  the  big  ty^e  was  the  solution.  The  results 
were  extremely  fortunate,  in  that  they  gave  to  the  AUied 
fighting  forces  two  kinds  of  tanks. 

When  the  American  Army  entered  the  war  both  of  the 
above  lines  of  action  were  sufficiently  well  defined,  so 
that  the  Americans  decided  to  use  both  kinds,  namely,  a 
large  and  a  small  tank.  For  our  small  tank  we  adopted 
the  Renault  type.  For  our  larger  unit  we  accepted  a 
modified  design  of  the  large  British  tank,  the  design  being 
a  production  of  British  and  American  ordnance  engi- 
neers working  jointly  in  the  winter  of  1917-18  in  Lon- 
don. 

Certain  fairly  well-defined  essentials  have  gradually 
appeared  in  the  matter  of  tank  construction.  They  are 
as  follows: 

(1)  Not  less  than  10  hp.  per  ton  of  weight  should  be 
provided 

(2)  The  pressure  per  square  inch  between  the  track 
and  the  ground  should  not  exceed  5  lb.  per  sq.  in. 

(3)  The  tank  should  be  entirely  controlled,  so  far  as 
its  mechanical  operation  is  concerned,  by  one  man 

(4)  The  tank  should  be  capable  of  making  a  speed  of 
not  less  than  5  miles  per  hr.  on  a  level,  and  any- 
thing over  that  greatly  increases  the  fighting  abil- 
ity of  the  machine 

(5)  The  only  armor  is  that  required  to  give  protection  ^ 
against  armor-piercing  machine-gun  ammunition 

A  great  deal  has  been  said  and  thought  about  tanks 
with  heavy  armor,  2  and  3  in.  thick,  as  a  protection 
against  moderately  heavy  artillery  fire.  Actual  fighting 
conditions,  l^owever,  have  proved  conclusively  that  tanks 
are  rarely  struck  by  direct  artillery  fire  when  in  motion 
in  action,  as  they  do  not  present  a  very  large  target,  and 
then  only  a  moving  one.  Nearly  all  of  the  tank  mortali- 
ties resulting  from  direct  artillery  hits  have  occurred 
when  tanks  were  standing  still,  either  awaiting  orders 
or  unable  to  move  for  mechanical  reasons.  Thus  it  has 
been  demonstrated  very  conclusively  that  against  artil- 
lery fire  the  best  protection  of  the  tank  is  its  own  speed 
and  mobility  and  not  the  armor  which  it  carries. 

It  is  very  doubtful  whether  any  supertank  will  be  of 
a  great  deal  of  value,  although  one  would  be  rash  to 
make  too  positive  a  prediction.  Anti-tank  cannon,  so 
called,  have  been  developed  by  the  enemy,  but  have  never 
succeeded  in  doing  anything  serious.    The  super-machine 
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Ths  IfABK  VIII  Tank  Cukbinq  ▲  Stonb  Wall 

gun,  or  a  heavy  caliber  rifle,  up  to  perhaps  %-in. 
caliber,  is  the  most  serious  attacking  force  that  the  tank 
has  to  defend  itself  against.  Experiments  on  armor 
plate,  however,  indicate  that  defense  against  guns  of 
this  t3rpe  can  ultimately  be  secured  with  armor  plate 
little  thicker,  if  any,  than  that  used  at  the  present  time. 
It  might  be  stated  here  that  the  development  and  resist- 
ing power  of  light  armor  plate  have  recently  been  most 
gratifying,  and  indicate  remarkable  results  possible  in 
the  near  future. 

The  future  development  of  the  tank  presents  gretii 
possibilities.  It  must  be  fast,  light  on  its  feet,  so  to 
speak,  and  have  large  radius  of  action.  It  would  appear 
that  three  sizes  of  tanks  would  be  required: 

(1)  The  large  one.  This  must  be  able  to  cross  any 
trench  that  can  be  manned  by  the  enemy.  It  is 
quite  probable  that  large  tanks  will  entirely  pre- 
clude trench  warfare.  If  so,  the  whole  strategy 
of  war  will  be  changed.  These  large  tanks  will  not 
be  required  in  great  numbers,  but  their  presence  is 
imperative 

(2)  A  medium-sized  machine  for  following  through 
after  the  larg^e  tanks  and  putting  up  a  stiff  fight. 
These  machines  must  be  tough  fighters,  and  be 
present  in  considerable  radius  of  action 

(3)  A  small  machine  that  will  carry  a  driver  and  one 
gunner.  It  must  be  as  small  as  possible -to  carry 
the  two  men.  It  must  be  simple  in  construction 
and  very  fast.  It  should  be  used  in  vast  numbers, 
and  be,  in  fact,  a  mechanical  machine-gun  cavalry. 
A  thousand  of  these  machines  breaking  through  a 
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gap  made  by  their  hig  brothers  would  completely 
disorganize  the  enemy's  rear  and  produce  a  dis- 
aster 

In  closing,  let  me  repeat:  The  tank  is  one  of  the  few 
new  things  produced  by  the  present  war.  It  is  only  in 
the  nursing-bottle  stage.  It  will  work  a  complete  revo- 
lution in  methods  of  making  war.  The  side  having  the 
^  largest  number  of  good  fast  tanks  of  the  correct  kind  will 
^'  always  win.  Its  development  has  been  almost  a  romance, 
and  the  future  contains  vastly  more  for  it  than  the  past. 

THE.  DISCUSSION 

Chester  S.  Richer:— At  what  speed  were  the  35-ton 
tanks  of  the  Mark  VII  type  supposed  to  operate?  Their 
horsepower  per  ton  was  very  much  in  excess  of  the  figure 
which  you  suggest  as  desirable,  -^as  this  excess  used  to 
gain  speed  or  to  increase  the  mobility  of  the  unit? 

LiEUT.-CoL.  H.  W.  Alden  :— The  Mark  VIII  tanks  were 
to  operate  at  5V2  miles  per  hr.  with  the  engine  running 
at  1400  r.p.m.  The  horsepower  which  I  stated  as  being 
desirable  was  at  least  10  hp.  per  ton  of  weight.  These 
tanks  weigh  about  85  tons  and  the  engine  will  develop 
about  850  hp.  Consequently  the  ratio  is  about  what  I 
gave. 

Mr.  Ricker: — Are  not  the  stresses  imposed  upon  the 
framework  of  the  large  type  tank  enough  to  wrench  it 
until  it  becomes  loose?  I  appreciate  that  the  design  of 
these  machines  employs  the  armor  plate  that  forms  the 
hull  as  the  main  framework  upon  which  the  mechanism 
and  track  are  mounted.  It  would  seem  that  in  crossing 
trenches  or  shell  craters  diagonally  the  box-shaped  frame 
would  be  twisted  just  like  a  cardboard  box  heavily 
weighted  and  suspended  at  two  points.  It  would  tend  to 
buckle.  Under  these  stresses  how  long  do  the  tanks  last 
in  service  when  they  are  not  destroyed  by  direct  hits? 

LiEUT.-COL.  Alden: — ^Very  severe  tests  were  made  on 
this  tank  to  determine  distortion.  It  was  jacked  up  and 
balanced  at  the  center ;  it  was  jacked  up  at  two  extreme 
ends,  and  it  was  jacked  up  at  opposite  comers,  and  prac- 
tically no  deflection  or  deformation  could  be  found.  There 
is  no  reason  why  the  life  of  these  tanks,  due  to  this  par- 
ticular feature,  should  not  be  practically  indefinite. 

Mr.  Richer: — With  the  hull  type  of  design,  which  I 
note  has  been  used  by  the  British  not  only  on  their 
tanks  but  also  on  their  towing  and  load-carrying  trac- 
tors, is  there  greater  immunity  from  loading  of  the  track 
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and  the  subsequent  breakage  such  as  is  encountered  on 
tractors  of  the  more  open  type  of  track  support?  The 
military  tractors  that  employ  the  track  frame  like  the 
5-ton  model  and  also  the  spring-supported  tracks  like 
those  on  the  6-ton  special  tank  had  considerable  trouble 
from  track  breakage  when  going  over  gravel  or  similar 
terrain.  How  did  the  breakage  of  track  on  these  com- 
pare with  that  on  the  hull-type  tanks  in  which  there 
seems  to  be  almost  no  chance  of  track  loading? 

LiEUT.-COL.  Alden  : — In  regard  to  breakage  of  tracks, 
it  can  be  stated  that  the  British  had  considerable  dif- 
ficulty. Their  tracks,  however,  were  made  of  steel  cast- 
ings riveted  to  pressed  steel  shoes,  and  the  steel  castings 
wore  out.  Track  links  on  the  Mark  VII  machine  were 
heat-treated  forgings,  and  the  model  machine,  which  ran 
something  like  100  miles  on  a  hard  surface,  showed  ab- 
solutely no  wear.  It  was  run  over  rocks  at  full  speed  to 
break  the  track,  if  possible,  but  no  damage  resulted. 

Mr.  Ricker: — What  were  the  difficulties  encountered 
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with  the  gas-electric  machines?  On  account  of  the  large 
reduction  necessary  between  the  engine  and  the  track 
drive  sprockets  it  would  seem  that  there  might  be  a  de- 
cided advantage  in  the  electric  drive. 

LiBUT.-CoL.  Alden:— The  difficulty  with  the  gas-elec- 
tric system  of  propulsion  is  that  it  has  not  the  quickness 
of  response,  the  necessary  punch  and  the  necessary  ef- 
ficiency at  extreme  overloads.  There  is  no  difficulty  in 
getting  the  requisite  gear  reduction  mechanically,  and  the 
total  weight  of  the  transmission  is  very  much  less  with 
the  mechanical  than  with  the  gas-electric. 

Mr.  BiCKfat: — ^How  were  the  electric  machines  con- 
trolled? Were  separate  controllers  used  for  each  track 
like  the  separate  clutches  used  on  the  Renault-type  tank 
or  planetary  gearing  as  on  the  large  tanks? 

LfiEUT.-CoL.  Alden: — Special  switches  and  controllers 
were  used  on  our  experimental  machines  for  each  track. 

Mr.  RiCKfat: — How  much  faster  were  the  tanks  with 
the  spring-supported  track  rollers  of  the  Renault  design 
than  those  with  the  non-spring-supported  track  rollers 
on  the  hulls  of  the  large  tanks?  I  have  noticed  that  in 
the  tractor  field  the  tendency  has  been  away  from  the 
completely  articulated  track  like  Renault  and  toward 
the  English  rigid  type.  In  one  very  long  unit,  the  Mark 
VII  tractor  caisson,  three  track  roller  frames  were  used 
and  then  abandoned  in  favor  of  one  very  long  one  and  a 
short  one,  combined  or  connected  with  a  hinge.  Also 
Schneider  seemed  to  consider  the  single  rigid  track  frame 
more  desirable  than  the  Renault  type.  Which,  in  your 
experience,  seems  to  be  the  better,  or  is  there  some  par- 
ticular field  in  which  one  works  better  than  the  other? 

LiEUT.-CoL.  Alden: — There  is  no  question  but  that 
very  high  speed  necessitates  spring  suspension  of  some 
type.  Adequately  suspended  on  a  peculiar  form  of  spring 
suspension,  a  certain  heavy  English  tank  was  actually 
driven  on  a  highway  at  28  m.p.h.  without  any  damage. 
This,  of  course,  is  an  extreme  case,  but  I  believe  that 
where  the  speeds  exceed  6  or  6  m.p.h.  it  is  necessary  to 
have  a  spring-suspended  roller. 
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By  Lieut-Col  William  G  Wall,  U  S  A^ 

THE  author  presents  a  brief  description  of  the  design 
of  some  of  the  principal  vehicles  used  in  motorizing 
the  artillery,  as  developed  by  the  Ordnance  Depart- 
ment A  few  of  the  vehicles  are  described,  including 
gun  mounts  that  were  being  developed  at  the  time  of 
the  signing  of  the  armistice.  The  relative  merits  of  th« 
different  types  of  equipment  are  discussed. 

It  is  not  believed  necessary  before  members  of  this 
Society  to  go  into  the  merits  and  advantages  of  motor- 
izing the  artillery,  for  to  them  the  reasons  will  appear 
obvious. 

A  brief  description  will  be  given  of  the  different  ve- 
hicles developed  and  used  and  the  conclusions  reached 
regarding  their  relative  merits  will  be  stated. 

Nash  and  F  W  D  Trucks 

It  was  early  decided  by  a  military  board  appointed  for 
the  purpose  that  the  trucks  used  for  artillery  purposes 
should  be  of  the  four-wheel-drive  type,  and,  as  it  was  not 
considered  advisable  to  wait  to  develop  an  ideal  truck  of 
this  type,  two  makes  of  this  type  truck  then  on  the  market 
were  adopted,  one  being  the  8-ton  F.W.D.,  and  the  other 
the  2-ton  Nash  Quad.  On  these  two  types  of  trucks  were 
placed  a  number  of  the  different  bodies  necessitated  by 
the  various  uses  to  which  they  were  put. 

The  engine  used  in  the  8-ton  chassis  was  a  four-cyl- 
inder, 4%-in.  bore  by  BYz-in.  stroke;  the  2-ton  having  a 
four-cylinder  L-head  type  engine,  4^-in.  bore  by  5y2-in. 
stroke.  An  Eisemann  magneto  was  used  on  each  of  these 
trucks.  The  wheelbase  of  the  chassis  in  both  cases  was 
124  in.,  and  steel  wheels  with  tires  86  by  6  in.  were  used. 
The  gear  reduction  on  low  speed  for  the  3-ton  was  86  to 
1,  and  on  the  2-ton,  42.3  to  1. 

Ambtunition  Body 

A  steel  body  was  designed  to  carry  packing  cases  for 
seven  different  sizes  of  ammunition  and  equipped  with  a 
chain  hoist  to  load  the  heavier  calibers  of  this  ammuni- 
tion.   The  steel  used  in  this  body  was  No.  10  gage.    Re- 

^Motor  equipment  section,  engineering  division.  Ordnance  Depart- 
ment, Washington. 
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Standard  Ordnancb   3-Ton   Truck  With  Ammunition  Body 

movable  seats  were  also  provided  for  carrying  the  per- 
sonnel. A  complete  set  of  tools  was  attached  to  the 
sides  of  the  body. 

Artillery  Repair  Truck 

The  artillery  repair  trucks  used  the  type  of  chassis 
mentioned  above  and  consisted  of  a  small  machine  shop 
with  machine  tools  driven  by  electric  motors,  the  power 
being  secured  from  a  stationary  four-cylinder  engine, 


Artillery  Repair  Truck 
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2%  in.  by  4  in.,  and  a  4-kw.,  110-volt  multipole  gen- 
erator with  complete  switchboard. 

The  tools  in  this  machine  shop  consisted  of  the  follow- 
ing: 

9-in.  lathe,  with  milling  and  gear  cutting  attachment 

Vertical  drilling  machine  for  drills  up  to  %  in.  diam- 
eter, driven  by  a  %-hp.  motor 

Bench  grinding  machine,  with  two  emery  wheels,  elec- 
trically driven 

Air  compressor  set  with  motor  complete 

Oxy-acetylene  welding  and  cutting  outfit 

Two  machinist's  and  one  pipe  vise 

Portable  drilling  machine 


Ammunition  Hoist  and  Hemp  Lining  for  Body 
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Acetylene  cylinder,  besides  a  large  assortment  of  small 
tools  and  necessary  work  benches. 

Nearly  a  thousand  of  these  artillery  repair  shops  were 
completed;  also  a  number  of  heavy  mobile  repair  shops 
mounted  on  trailers  were  made. 

Artillery  Supply  Truck 

The  same  chassis  was  used  also  for  the  artillery  sup- 
ply trucks.  This  truck  consisted  of  an  open  body  with  a 
number  of  chests  containing  the  proper  tools,  which  in- 
cluded: Carpenter's  tools,  saddler's  kit,  chain  block, 
grindstones,  spare  parts  for  optical  instruments  and  op- 
tical repair  equipment,  cleaning  materials  and  a  forge 
outfit  in  addition  to  a  chest  for  springs  and  fluids  used 
for  gun  recuperators. 

The  artillery  supply  truck  was  an  auxiliary  to  the  ar- 
tillery repair  truck  and  the  contents  of  the  chassis  were 
determined  by  the  organization  in  which  this  truck  was 
used,  for  example,  the  size,  type  of  gun,  etc.  These  trucks 
also  carried  spare  wheels  and  all  the  necessary  spare  parts 
for  the  guns  and  caissons. 

Equipment  Repair  Truck 

The  equipment  repair  truck  consisted  of  the  four- 
wheel-drive  chassis  with  body,  carrying  the  necessary 
equipment  and  machines  for  the  repair  of  all  equipment. 
The  cabinets  were  made  of  sheet  steel,  containimg  all 
necessary  small  tools  and  spare  parts  required.  Among 
the  tools  was  a  heavy  Singer  sewing  machine  and  a 
Champion  stitching  machine,  besides  several  vises.  In 
fact,  this  truck  carried  complete  equipment  for  the  re- 
pair of  all  leather  and  canvas  goods  and  small  arms.  All 
machines  on  this  truck  were  pedal-driven. 

The  light  repair  truck  was  for  emergency  repair  work, 
and  consisted  of  a  special  steel  body  on  a  Dodge  chassis. 

8-ToN  Truck  and  Artillery  Wheeled  Tractor 
As  soon  as  the  procurement  and  production  of  two 
makes  of  four-wheel-drive  truck  were  well  enough  under 
way  to  take  care  of  all  immediate  needs,  the  design  of 
a  four-wheel-drive  ordnance  truck  was  started.  Later 
certain  changes  were  made  in  the  truck  for  the  purpose 
of  converting  it  into  a  wheeled  tractor. 

A  four-cylinder  4%-in.  bore  by  6^^-in.  stroke  Wiscon- 
sin engine  was  used,  as  it  was  in  production  and  nearer 
the  right  size  and  weight  than  any  other. 
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Artillbrt  Wheeled  Tractor 

The  Model  B  truck  transmission,  with  four  speeds 
forward  and  reverse  and  M.  &  S.  locking  differentials 
were  used,  the  axles  themselves  being  of  new  design  with 
internal-gear  drive,  the  truck  using  36  by  7-in.  tires 
and  the  tractor  40  by  8-in.  tires.  An  Eisemann  mag- 
neto with  impulse  starter  was  used  for  ignition.     The 
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total  weight  of  the  truck  was  10,500  lb.,  with  a  normal 
carrying  capacity  of  3  tons. 

As  a  truck  this  vehicle  had  two-wheel-steer,  but  as  a 
tractor,  in  order  to  have  short  turning  radius,  a  four- 
wheel-steer  was  used,  giving  it  a  turning  circle  of  35- 
ft.  diameter.  As  a  truck  the  gear  reduction  was  68  to  1 
on  low  and  as  a  tractor  86.7  to  1  on  low.  * 

This  vehicle  is  made  so  that  any  of  the  bodies  pre- 
viously described  can  be  put  on.  When  used  as  a  tractor 
a  winch  was  mounted  at  the  rear  end  and  a  short  body 
was  provided  for  carrying  sufficient  load  to  give  traction ; 
also  all  necessary  tools,  etc.  The  winch  provided  on  this 
tractor  was  designed  so  as  to  be  capable  of  breaking  1%- 
in.  Manila  rope,  equivalent  to  a  load  of  about  18,000  lb. 
The  drawbar  pull  of  this  and  other  tractors  is  jriven  in 
the  table  on  pages  78  and  79. 

Reconnaissance,  Machine  Gun  and  Stafp 
Observation  Cars 

It  was  found  necessary  to  adapt  a  chassis  for  the  use 
of  the  reconnaissance,  machine  gun  and  staff  observation 
cars.  The  White  Tebo  chassis  and  the  Commerce  1-ton 
chassis  were  used  for  this  work.  The  former  was  used 
for  the  staff  observation  and  reconnaissance  cars  and 
the  latter  for  the  machine  gun  car. 

The  White  chassis  used  was  the  regular  1-ton,  ex- 
cept for  a  larger  engine.  This  was  of  the  four-cyl- 
inder type,  414  by  6%  in.  The  chassis  had  140-in. 
wheelbase,  with  four  speeds  forward  and  reverse,  geared 
up  on  high  speed. 

For  the  staff  observation  car  a  regular  seven-passen- 
ger chassis  might  have  been  used,  but  on  account  of  the 
rough  service  to  which  it  was  subjected  and  the  neces- 
sity of  carrying  certain  observation  instruments,  it  was 
deemed  expedient  that  a  special  body  be  designed  for 
this  purpose.  This  body  seats  eight  passengers  comfort- 
ably and  contains  a  number  of  lockers  in  which  the 
compass,  telescopes,  protractors,  plotting  boards,  aiming 
circle,  flashlights,  etc.,  are  carried  in  addition  to  a  num- 
ber of  other  instruments  necessary  for  artillery  observa- 
tion. 

Track-Laying  Tractors 

The  conclusion  was  reached  in  the  early  months  of 
the  war  that  it  was  necessary  to  have  tractors  to  haul 
some  of  the  heavy  guns  over  almost  any  type  of  terrain. 
A  number  of  different  types  were  tested  for  this  purpose 
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and  the  decision  reached  that  the  track-laying  type  was 
best  suited  to  the  work.  As  the  British  had  been  using  a 
few  of  the  Holt  caterpillars  some  of  these  were  secured, 
namely :  the  75  hp.  or  15-ton  and  the  120  hp.  or  20-ton, 
and  the  Ordnance  Department  started  work  immediately 
upon  improved  types  of  these  track-laying  vehicles  to 
produce  something  more  suitable  for  the  Army's  needs. 

It  was  deemed  necessary  that  the  front  wheel  as  used 
on  most  of  the  heavier  caterpillars  be  dispensed  with; 
also  that  the  engine  and  vulnerable  parts  be  covered  with 
armor  plate.  On  account  of  the  complaints  made  by  the 
French  that  the  caterpillars  tore  up  the  roads,  it  was 
decided  that  smooth-track  caterpillars  should  be  used, 
and  the  grousers  made  attachable,  the  latter  to  be  put 
on  only  when  going  over  shell-torn  areas  and  where  they 
would  not  in  any  way  damage  the  roads. 

Several  of  these  tractors  were  designed,  namely:  the 
10,  5  and  2y2-ton.  The  10-ton  tractor  embodied  most 
of  the  features  of  the  Holt  caterpillars,  and,  while 
it  was  ^  a  big  improvement  over  anything  which 
had  preceded  it,  was  very  similar  in  a  great  many  re- 
spects to  other  designs.  The  5-ton  departed  very  ma- 
terially from  any  previous  designs,  and  the  2Vi-ton  was 
entirely  different  from  any  tractors  previously  built, 
although  it  possessed  some  of  the  Renault  features. 

The  10-ton  artillery  tractor  has  a  four-cylinder,  valve- 
in-the-head  engine,  6y2-in.  bore  by  7-in.  stroke,  cylinders 
cast  separately;  55  hp.  at  600  r.p.m.,  and  uses  a  K.  W. 
high-tensiop  magneto  with  impulse  starter.  The  trans- 
mission is  of  the  sliding  gear  type,  three  speeds  forward 
and  one  reverse,  with  direct  drive  on  second  speed.  Both 
the  main  clutch  and  the  steering  clutches  are  of  the  dry- 
plate   multiple-disk   type.     The  main  frame   is   a   steel 
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casting,  and  the  roller  frames  are  built  up  of  channel 
steel.  These  rollers  are  used  on  each  side,  and  all  are 
fitted  with  Hyatt  roller  bearings.  Weight,  about  21,000 
lb.,  with  pressure  of  iy2  lb.  per  sq.  in.,  the  width  of  the 
track  shoe  being  15  in.;  tread  of  track  center  to  center 
61  in.  The  maximum  speed  of  this  tractor  is  close  to  6 
miles  per  hr.  The  capacity  of  the  gasoline  tank  is  46 
gal. ;  the  drawbar  pull  on  direct  drive  about  6000  lb.,  and 
on  low  gear  8000  lb.  A  cast-steel  shoe  is  used  with  smooth 
tread  arranged  to  receive  grousers  which  are  bolted  on. 
Armor  is  used  to  protect  the  engine  and  the  fuel  tank, 
and,  as  on  all  artillery  vehicles,  a  latch  pintle  is  pro- 
vided. This  tractor  is  principally  used  to  pull  the  155- 
mm.  gun. 

The  5-ton  artillery  tractor  was  designed  primarily  to 
pull  the  9.2-in.  howitzer,  which  is  divided  into  three 
loads,  thus  requiring  three  of  these  tractors  to  pull  one 
gun.  It  was  later  used  to  draw  the  6-in.  howitzer  in  one 
load. 

The  engine  is  a  four-cylinder,  valve-in-the-head  type, 
4%-in.  bore  by  6-in.  stroke,  cylinders  cast  in  pairs,  de- 
veloping about  56  hp.  at  1200  r.p.m. ;  Eisemann  magneto, 
with  impulse  starter,  is  used,  and  a  Schebler  carbureter 
provided.  Both  the  main  and  steering  clutches  are  dry- 
plate,  multiple-disk  type.  The  frame  is  cast  steel  and 
the  roller  frames  are  built  up  of  channel  steel.  Track 
shoes  are  cast  steel,  11  in.  wide.  The  transmission  has 
three  speeds  forward  and  one  reverse,  direct  drive  on 
second.  The  gasoline  tank  has  two  compartments,  each 
holding  12  gal  The  Bendix  type  hand-starter  is  used. 
An  interesting  lubricating  system  is  used  in  the 
engine.  It  is  of  a  type  which  prevents  excess  oil  at  the 
rear  cylinders  when  ascending  a  hill.  A  dry  crankcase  is 
maintained,  as  all  oil  which  flows  off  from  the  crankcase 
is  pumped  out  of  the  oil-pan  and  delivered  to  the  oil 
reservoir,  from  which  it  flows  again  under  pressure 
through  the  engine  bearings.  A  triplex  geared  oil-immp 
is  used  to  accomplish  this.  An  ingenious  spring 
radius  rod  is  used  on  the  track  frames  which  very  ma- 
terially aids  in  the  proper  operation.  The  pressure  on 
the  ground  is  about  5  lb.  per  sq.  in. 

It  was  originally  intended  that  the  telephone  and  fire 
control  cable  be  carried  on  a  truck,  but  after  extensive 
experiments  it  was  decided  to  use  the  regular  six-hoihie 
reel  and  to  make  a  small  2V^-ton  track-laying  tractor  to 
draw  it.    Approximately  two  months  before  the  armistice 
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was  signed  it  was  decided  to  motorize  the  75-mm.  guns 
and  these  tractors  were  designated  to  pull  them. 

An  eight-cylinder  L-head  V-type  engine  was  used  with 
SVs-in.  bore  and  BYs-in.  stroke,  with  about  70  hp.  at  2600 
r.p.m.  This  will  be  recognized  as  the  Cadillac  engine.  A 
three-speed  selective  transmission  with  direct  drive  on 
high  speed  was  used  and  through  this  power  was  trans- 
mitted in  about  the  usual  way  through  a  secondary  trans- 
mission with  steering  clutches  of  the  multiple-disk  type 
to  the  track  sprockets.  The  main  frame  of  this  tractor 
was  built  up  of  angle  iron.  The  roller  frames  are  the 
Renault  type  with  four  rollers  on  each  side.  Track  shoes 
are  of  cast  steel  with  bolted-on  grousers.  Armor  is 
placed  over  the  engine  and  tank.  A  regular  ordnance 
pintle  is  supplied  at  the  rear  end.  While  the  normal 
high  speed  of  this  tractor  is  12  miles  per  hr.,  it  will  run 
20  miles  per  hr.,  pulling  a  75-mm.  gun  over  level  going. 
This  tractor  has  a  drawbar  pull  of  approximately  4000 
lb.  on  low  gear.  The  steering  control  on  this  tractor  is  a 
little  different  from  that  of  the  others  in  that  the  hand- 
steering  lever  not  only  throws  out  the  steering  clutches 
but  also  puts  on  the  brakes,  making  a  very  simple  method 
of  steering.  The  capacity  of  the  gasoline  tank  is  20  gal., 
with  pressure  feed.  There  is  also  an  auxiliary  tank 
holding  5%  gal.,  located  under  the  engine  armor,  with 
gravity  feed.  The  pressure  on  the  ground  is  about  5  lb. 
per  sq.  in. 

Mark  VII  Tractor  Caisson 

One  of  the  latest  and  most  interesting  designs  is  that 
of  the  Mark  VII  tractor  caisson.  This  is  a  caterpillar 
cargo-carrier  and  while  rated  at  a  carrying  load  of  3 
tons  can  carry  5  tons  up  a  45  per  cent  grade.  The  en- 
gine used  in  this  tractor  is  the  same  as  is  used  in  the 
5-ton  artillery  tractor,  four-cylinder,  4%-in.  bore  by 
6-in.  stroke.  The  total  gear  reduction  is  100  to  1  with  a 
maximum  speed  of  approximately  6  miles  per  hr.  It  will  be 
noted  that  the  roller  frame  on  this  vehicle  has  nine  rollers 
and  is  divided  into  two  parts  with  a  spring  radius  rod 
very  similar  to  that  of  the  5-ton  tractor.  This  vehicle 
has  six  speeds  forward  and  two  reverse.  The  pressure 
on  the  ground  is  about  7  lb.  per  sq.  in. 

One  of  the  most  interesting  developments  of  the  war 
was  the  placing  of  both  light  and  heavy  field  guns  on 
track-laying  mounts.  The  8-in.  howitzer  was  placed  on  a 
track-laying  vehicle  giving  a  total  weight  of  55,000  lb. 
and  capable  of  a  maximum  speed  of  about  4  miles  per 
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2iy^-ToN  Artillery  Tractor  Without  Armor  or  Top 

hr.  From  the  artillery  standpoint  this  was  a  very  ad- 
vanced piece  of  work  as  it  allowed  the  gun  to  be  run 
over  any  kind  of  terrain  and  brought  into  action  within 
a  couple  of  minutes  after  arriving.  A  mount  was  also 
made  for  the  75-mm.  field  gun  by  placing  it  on  one  of 
the  2V^-ton  tractors,  which  was  modified  to  suit  the  re- 
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SiDB  ViKw  OF  Transmission  Usbd  in  the  Mark  VII  Tractor  Caisson 

1  on  filler  tube.  14  High     and     second     sliding 

2  Beyel  ring  gear.  gear. 

3  Breather.  15  Main  drive  pinion. 

4  Steering  clutch  control  cams.  ig  Main   drive  coupling  gear. 
I  S^TS^  ^ISlST-^oft  17  Countershaft   sliding   gear. 

7  Co'iSte^i's^haft  "Reverse    gear.  JJ  SP^ocket    Bleeve    gear    plate. 

8  Low     and     reverse     sliding  J?  O"  level  stand  pipe, 
gear.  20  Lower  transmission  case. 

9  Countershaft,     second    speed  21  Oil  feed  tube  to  pump. 
Kear.  22  Intermediate  gear. 

10  Winch  transmission  case.  2S  Intermediate  pinion. 

11  Winch  sliding  gear.  24  Oil  pump  assembly. 

12  Winch  spline  shaft  25  Auxiliary  countershaft. 

13  Countershaft  driven   gear.  26  Couplin«r. 

quirements.  This  gun  was  capable  of  traveling  over 
almost  any  rough  ground  and  attained  a  speed  on  the 
level  of  16  miles  per  hr. 

Two-Wheel  and  Four- Wheel-Drive  Vehicles 
There  has  been  considerable  controversy,  especially  in 
military  circles,  in  regard  to  the  relative  advantages  of 
the  four-wheel-drive  and  the  two-wheel-drive  types  of  ve- 
hicle. There  is  no  question  in  my  mind  that  for  good 
road  hauling  where  deep  holes  are  seldom  encountered, 
and  the  vehicle  does  not  have  to  get  off  the  road,  the 
two-wheel-drive  truck  is  a  more  efficient  vehicle  for 
cargo  carrying  than  the  four-wheel-drive  type,  and  is 
also  preferable  on  account  of  the  economy  of  operation 
and  the  lower  cost  of  upkeep.  On  very  bad  roads,  how- 
ever, though  this  gives  very  narrow  limits,  the  four- 
wheel-drive  truck  has  considerable  advantage  over  the 
two-wheel-drive. 

The  Wheeled  Tractor 
Used  strictly  as  a  tractor  for  work  confined  entirely 
to  the  roads,  the  four-wheel-drive  rubber-tired  vehicle 
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has  many  advantages  over  any  other  type  and  it  is  be- 
lieved there  is  nothing  that  can  compare  with  it.  It  is 
not  considered  that  the  two-wheel-drive  rubber-tired 
tractor  has  sufficient  adhesion  to  the  roads  to  make  it  a 
very  important  factor.  The  rubber-tired  four-wheel-drive 
tractor  has  all  the  necessary  speed,  15  miles  per  hr.,  and 
in  this  respect  is  much  better  than  the  steel-tired  farm 
tractor  of  any  type. 

The  friction  coefficient  of  rubber  tires  giving  proper 
adhesion  to  the  road  surface,  with  the  proper  gear  ratio, 
makes  the  drawbar  pull  of  this  vehicle,  for  good  roads, 
nearly  the  equivalent  of  the  track-laying  tractors  and 
preferable  to  the  steel-tired  tractors.  Economy  of  oper- 
ation is  greater  than  with  either  the  track-laying  or  steel- 
tired  vehicles.  The  cost  of  upkeep,  considering  speeds  ob- 
tainable, is  much  less  than  with  either  of  the  other  types. 
This  vehicle  has  its  limitations,  however,  for  while  it 
can  be  used  on  rather  poor  ground  it  is  not  believed  that 
it  compares  in  this  respect  with  the  track-laying  tractor. 

Track-Laying  Vehicles 

The  track-laying  or  caterpillar  tractor  is  the  only  one 
which  can  be  seriously  considered  in  going  through  deep 
sand  and  over  very  soft  or  rough  and  cut-up  ground,  and 
it  has  been  fully  demonstrated  that  no  other  type  of 
vehicle  can  compare  with  it  in  this  respect.  Its  use,  how- 
ever, is  limited  to  work  of  this  kind,  due  to  its  compara- 
tively slow  speed  and  expense  of  upkeep- as  compared  with 
the  rubber-tired  tractor ;  also  its  high  initial  cost  as  com- 
pared with  steel-tired  wheeled  farm  tractors. 

The  main  difference,  however,  between  the  track-lay- 
ing vehicle  and  the  wheeled  vehicle,  when  the  latter  tracks 
perfectly,  like  the  four-wheel-steer,  is  due  to  the  pressure 
per  square  inch  exerted  on  the  ground,  it  being  generally 
very  much  less  for  the  former  and  in  practice  somewhere 
between  4  and  9  lb.  per  sq.  in.  Also,  the  track  is  well 
anchored  by  the  grousers,  and  the  sprocket,  of  those 

Parts  op  Mark  VII  Transmission 

1  Shifting:     rod     for     auxiliary         6  Brake  rod  for  rlgrht  steering 
transmission.  clutch. 

2  Shifting  rod  for  winch  trans-         '^  f^^^^l  ^°^    ^""^   »^^^    «^^'"*"« 

'"*^^*°"-  8  Steering  control  drag  link. 

3  Shifting  rod   for  low  and   re-  9  Master  clutch  cross  shaft, 
verse.  10  Clutch  brake  rod. 

4  Control  rod  for  master  clutch.  ^^  Sutche^''"*^      ^^^      steering 

5  Shifting    rod    for    direct    and  12  Steering  clutch  push  rods, 
high.  13  Steering  clutch  shifter  fork. 
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Caisson 

(See  Opposite  Page  for  List  of  Parts) 
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using  sprockets,  driving  on  the  track  prevents  all  slip- 
ping. 

A  track-laying  vehicle  necessarily  weighs  more  than  the 
wheeled  type.  This  is  due  to  the  number  of  rollers  run- 
ning on  the  track  and  the  weight  of  the  track  itself.  At 
the  beginning  of  the  war  very  little  attention  had  been 
devoted  to  the  fact  that  to  make  a  successful  track-laying 
vehicle  it  was  necessary,  on  account  of  the  impossibility 
of  the  track  stretching  to  any  extent,  to  have  roller 
frames  so  that  whenever  foreign  substances,  such  as 
large  rocks  or  limbs  of  trees,  were  caught  in  the  sprock- 
ets, the  length  of  these  frames  would  be  shortened 
sufficiently  to  prevent  breakage  of  the  track.  This 
was  worked  out  very  nicely  on  the  5-ton  tractor  by  the 
use  of  a  spring  radius  rod;  also  the  roller  frames  for 
track  used  on  the  2V^-ton  tractor  Were  developed  so  that 
a  vertical  coil  spring  was  used  to  allow  for  this  com- 
pensation. 

Trailers 

Several  different  t3i)es  of  trailers  were  designed,  one 
of  which  was  a  10-ton  unit  for  hauling  the  small  tanks 
over  good  roads  at  comparatively  high  speeds;  also  a 
trailer  for  carrying  a  75-mm.  field  gun,  and  some  smaller 
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75-Mm.  Gun  on  Field  Gun  Traiubr 

trailers  in  addition  to  the  one  used  for  the  3-in.  anti- 
aircraft gun. 

Two  OR  Four- Wheel  Steer 

Experience  has  proved  rather  definitely  that  a  vehicle 
with  four-wheel  steer  cannot  easily  be  kept  on  the  road 
at  high  speeds  and  15  miles  per  hr.  is  about  the  limit. 
For  this  reason  all  cargo-carrying  trucks  should  be  two- 
wheel  steer,  although  the  four-wheel  steer  has  consider- 
able advantage  in  rough  going  and  in  turning  comers,  on 
account  of  rear  wheels  tracking  with  front  wheels.  The 
wheeled  tractor,  however,  due  to  the  fact  that  15  miles 
per  hr.  is  the  maximum  speed  generally  required,  and  95 
per  cent  of  the  time  it  is  running  very  much  more 
slowly,  and  due  to  the  great  necessity  for  short  turning 
radius,  allowing  it  to  maneuver  easily  in  a  limited  space, 
must  either  be  of  extremely  short  wheelbase,  which  is 
not  always  practical,  or  have  four-wheel  steer,  that  is, 
both  front  and  rear  wheels  should  steer.  The  new  artil- 
lery wheeled  tractor  is  of  this  t3i)e,  as  are  also  the  Re- 
nault and  Latil  tractors  used  by  the  French. 

A  two-wheel  steer  trailer  running  on  four  wheels  can- 
not readily  be  backed  into  any  particular  desired  location. 
It  is  somewhat  easier  to  do  this  if  it  has  four-wheel  steer, 
though  as  this  is  rather  complicated  for  a  trailer,  it  has 
been  found  desirable  in  a  number  of  cases  to  have  the 
rear  wheels  locked  in  position  but  capable  of  being  steered 
by  hand  by  the  use  of  a  bar. 
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Due  to  military  reasons  it  was  necessary  for  the  army 
to  use  a  certain  number  of  trailers,  some  of  which  have 
been  described,  and  the  use  of  these  trailers  in  several 
instances  worked  out  very  well. 

The  results  of  tests  show  that  on  hard  roads,  level 
going,  or  with  very  slight  grades,  the  trailer  has  a  num- 
ber :of  advantages  over  carrying  the  load  on  top  of  the 
tractor;  also  where  the  bulk  of  the  cargo  is  very  great 
in  proportion  to  its  weight,  the  trailer  works  out  admir- 
ably. When  it  comes  to  very  rough  going,  especially  off 
the  road  on  soft  ground,  tests  made  show  that  the  same 
load  can  be  much  more  easily  and  efficiently  carried  on 
top  of  the  tractor  than  in  a  trailer  with  a  tractor  draw- 
ing it.  There  are  a  number  of  reasons  why  this  is  true, 
but  evidently  the  main  one  is  the  fact  that  in  one  case 
it  is  only  the  pay  load  which  is  being  moved  and  in  the 
latter  case  it  is  the  pay  load  plus  a  certain  dead  load 
equivalent  to  the  weight  of  the  trailer.  This  conclusion 
holds  good  even  with  a  track-laying  trailer,  for  as  a  rule 
it  is  rather  heavier  in  proportion  to  the  load  which  it 
carries.  The  pressure  per  square  inch  exerted  on  the 
ground  is,  of  course,  a  great  factor  in  all  hauling  where 
the  ground  itself  is  soft  or  irregular,  as  on  very  soft 
ground  the  vehicle  is  continually  climbing  a  grade  or  its 
equivalent. 

The  difficulty  experienced  in  towing  a  long  line  of  trail- 
ers behind  a  truck  or  tractor  is  very  much  simplified  if 
they  can  be  made  to  track,  especially  when  rounding 
curves.  It  is  apparent  that  this  is  possible  only  when 
four-wheel  steer  is  used  on  the  trailers.  The  tracking 
of  the  front  wheels  of  trailers  can  be  controlled  by  the 
correct  proportioning  of  the  length  of  the  drawbar  to  the 
length  from  the  center  of  the  rear  axle  to  the  pintle  of 
the  truck  and  the  relative  length  of  the  drawbar  front 
and  rear  of  the  front  axle  when  it  is  pivoted  on  the  axle 
of  the  trailer,  the  angle  of  the  steering  arms  controlling 
the  relative  angles  of  the  inner  and  outer  wheels. 

Caterpillar  Track  Adapters  for  Trucks 

A  number  of  experiments  have  been  made  during 
the  last  two  years  in  equipping  the  rear  axles  of  trucks 
with  caterpillar  tracks  or  adapters.  These  generally  con- 
sisted of  a  roller  frame  having  from  three  to  five  rollers 
running  on  a  track  which  in  turn  was  either  geared  or 
driven  by  chain  from  the  rear  axle  driving  shafts.  Ex- 
periments were  tried  on  both  the  four-wheel-drive  type 
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75-Mm.  Gun  on  Track-Laying  Mount 

and  the  two-wheel-drive  trucks.  The  French  had  also 
been  using  an  adapter,  chain  driven  from  the  rear  axle  on 
a  number  of  Saurer  trucks.  Also,  adapters  of  various 
sorts  of  the  belt  type  running  on  the  rubber  tires  of  the 
truck  wheels  or  with  extra  wheels  added,  have  been 
tried.  Experiments  demonstrated,  in  the  use  of  these 
various  adapters,  that  a  caterpillar  track  of  this  type 
attached  to  the  rear  axle  of  a  truck  driving  on  all  four 
wheels  was  not  at  all  practical  as  only  a  little  over  50 
per  cent  of  the  load  was  concentrated  on  the  track,  the 
remainder  being*  on  the  steering  wheels,  which  dug  into 
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NAME  OF  TRACTOR  <«  TRUCK 

Artillery  tractor* 
2^-to;i,  model  1918 

Artillery  tractor* 
5-ton,  model  1917 


SIZE  OF  ENGINE 

Eight-cylinder, 

3% -in.  bore  by  5% -in.  stroke 

Four-cylinder, 

4% -in.  bore  by  6-in.  stroke 


Artillery  tractor* 
10-ton,  model  1917 

Artillery  tractor* 

15-ton,  model  75-hp.  Holt 

Artillery  tractor* 

20-ton,  model  120-hp.  Holt 

Artillery  wheeled  tractor, 

model  1918 

Nash  2-ton  truck  used  as 

tractor 

F.W.D.  3-ton  truck  used 

as  tractor 


Four-cylinder, 

6^ -in.  bore  by  7-in.  stroke 

Four-cylinder, 

7H-in.  bore  by  8-in.  stroke 

Six-cylinder, 

7H-in.  bore  by  8-in.  stroke 

Four-cylinder, 

4%-in.  bore  by  6V6-in.  stroke 

Four-cylinder, 

4% -in.  bore  by  5^6 -in.  stroke 

Four-cylinder, 

4% -in.  bore  by  5V6-in.  stroke 


*  Track-laying  type. 


the  mud  and  rendered  this  type  of  vehicle  of  little  more 
value  in  soft  ground  than  the  four-wheel  type.  On  ac- 
count of  its  limited  speed  it  was  not  as  serviceable  for  road 
work.  Placing  these  adapters  on  two-wheel-drive  trucks 
was  a  little  more  successful,  but  even  under  these  condi- 
tions it  was  difficult  to  steer  in  deep  mud,  and  the 
weight  was  considerably  increased,  in  the  case  of  the 
F.  W.  D.  about  1500  lb.  In  the  end  it  was  decided  that  the 
placing  of  tracks  on  the  rear  wheels  of  trucks  could  only 
be  considered  a  makeshift  and  the  placing  of  caterpillar 
tracks  on  all  four  wheels  of  any  vehicle  makes  steering 
extremely  difficult  and,  in  fact,  if  the  vehicle  carries  any 
considerable  weight,  requires  power  steering. 

Interlocking  Differentials 

For  cargo-carrying  vehicles  the  use  of  interlocking 
differentials  in  the  rear  axle  or,  in  the  case  of  four-wheel 
drive,  for  both  front  and  rear  axles,  has  been  of  consid- 
erable advantage.  The  difficulty  of  securing  a  substantial 
interlocking  differential,  it  is  believed,  has  been  the  prin- 
cipal reason  why  most  cargo-carrying  vehicles  have  not 
been  so  equipped,  although  one  make  on  the  market,  which 
has  been  principally  used,  has  held  up  fairly  well    It  ia 
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DRAWBAR 
PULL,  LB. 

4,000  low  gear 
6,000  low  gear 


8,000  low  gear 
5^00  bigb  gear 

10,260  low  gear 

8,900  high  gear 

15,600  low  gear 

11,600  bigb  gear 

9,000  low  gear 

4,000  low  gear 

4,000  low  gear 


WHAT  IT  HAULS  AND  NUMBER        HBAYIB8T 
OP  LOADS  LOAD,  LB. 

75-nim.  gun  and  caisson,  1  load         4,500 

Two  75-inin.  caissons,  1  load 

Six-horse  reel  and  cart,  1  load 

155-mm.  howitzer,  1  load  16,230 

9.2-in.  howitzer,  3  loads 

240-min.  howitzer,  4  loads 

4.7-in.  gun,  1  load 

10-ton  trailer   in  tractor  unit, 

lload 

4-ton  trailer,  1  load 

155-mm.  G.  F.  F.  gun,  1  load  26,400 

10-ton  trailer,  1  load 

9.2-in.  howitzer,  3  loads 

Substitute  for  20-ton  tractor 

5-ini  seacoast  gun,  1  load  82,148 

6-in.  seacoast  gun,  1  load 

8-in.  howitzer,  1  load 

6-ton  tank  or  10-ton  tractor  on      24,216 

10-ton  trailer 

75-mm.  gun  and  limber  on  field       9,600 

gun  trailer,  1  load 

75-mm.  gun  and  limber  on  field       9,500 

gun  trailer,  1  load 


believed  that  this  mechanism  can  be  very  greatly  ^im- 
proved. 

Considerable  argument  has  arisen  with  reference  to 
the  advisability  of  using  a  differential  for  the  transmis- 
sion on  four-wheel-drive  trucks  and  whether  this  should 
be  of  the  interlocking  type.  In  the  case  of  a  trac- 
tor steering  all  wheels,  it  is  not  absolutely  neces- 
sary to  have  a  differential  as  the  rear  wheels  theoretically 
travel  the  same  distance  as  the  front  wheels;  but  when 
two-wheel  steer  is  used  on  a  four-wheel-drive  truck,  it  is 
at  least  advisable  to  have  a  differential  in  the  transmis- 
sion so  as  to  allow  for  the  difference  in  distance  traveled 
by  the  front  and  the  rear  wheels  and  in  order  that  trac- 
tion may  be  secured  through  both  front  and  rear  axles 
at  the  same  time.  An  interlocking  differential  is  con- 
sidered preferable  as  otherwise  it  is  necessary  to  have  an 
emergency  lock  for  the  differential.  Experiments  have 
shown  that  a  solid  shaft  can  be  used  even  with  two-wheel 
steer,  but  excessive  strains  on  the  driving  parts  are  at 
times  occasioned  by  this  design. 

While  for  military  purposes  the  front  wheel  on  track- 
la3ring  tractors  is  not  desirable  on  account  of  the  diffi- 
culty in  mounting  a  vertical  bank,  there  is  considerable 
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to  be  said  in  favor  of  the  front  wheel  for  farm  purposes 
on  account  of  the  greater  ease  in  steering. 

Troubles  Experienced 

In  the  work  of  the  various  vehicles  used  by  the  Army, 
both  at  the  front  and  in  the  service  overseas,  it  is  in- 
teresting to  note  that  the  troubles  experienced  have  not 
been  of  a  very  serious  nature  but  rather  with  the  small 
items  which  have  caused  continual  annoyance,  and  it  is 
believed  that  on  those  small  items,  although  seemingly 
rather  insignificant,  considerable  engineering  work  can 
be  done  to  great  advantage. 

THE    DISCUSSION 

John  Younger: — Col.  Wall  refers  in  his  paper  to  the 
military  controversy  on  four  and  two-wheel-drive  trucks. 
There  was,  I  believe,  most  of  the  time,  a  good-natured 
rivalry  between  the  engineering  division  of  the  Motor 
Transport  Corps  and  that  of  the  Ordnance  Department, 
but  I  would  like  to  take  this  opportunity,  as  one  who 
saw  their  work  very  intimately,  to  congratulate  Cols. 
Moody,  Capron  and  Wall  and  Major  Wahlberg,  on  their 
splendid  work  in  initiating  and  developing  the  equipment 
necessary  to  motorize  artillery  regiments. 

There  are  two  main  factors  in  military  mobile  equip- 
ment, operation  and  maintenance.  Good  design  will  sat- 
isfy both,  but  the  operating  conditions  are  frequently 
very  strenuous,  and  in  meeting  them  the  maintenance 
problem  becomes  acute.  This  was  the  case  with  the  four- 
wheel-drive  trucks.  Designed  for  heavy  going  on  poor 
country  roads,  they  were  set  to  work  in  a  military  atmos- 
phere on  no  roads  at  all.  Military  service  demanded  that 
rough  terrain  should  be  crossed.  The  two-wheeWrive 
trucks  were  not  tried  on  this,  as  their  limitations  were 
well  understood,  but  the  four-wheel-drive  trucks  were 
started  on  the  way,  with  terrific  drain  on  their  ultimate 
life.  So  far  as  I  can  make  out  from  the  various  comments 
and  reports,  the  operating  division  was  fairly  well  satis- 
fied with  the  four-wheel-drive  trucks,  but  the  mainte- 
nance division  had  no  use  for  them.  This  has  led  to 
much  unjust  condemnation. 

As  Col.  Wall  states,  the  four-wheel-drive  truck  has  ad- 
vantages over  the  two-wheel  truck  within  "very  narrow 
limits.''  I  feel  that  because  of  these  narrow  limits  the 
four-wheel-drive  truck  has  not  entirely  justified  itself 
in  the  war  and  that  future  development  of  "oflf-road" 
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equipment  must  be  looked  for  in  the  track-laying  type. 
Here,  again,  while  this  type  of  vehicle  satisfies  operation 
to  a  high  degree,  maintenance  is  still  unsatisfied,  and 
development  work  must  continue  along  lines  that  lead  to 
greater  reliability,  less  wear-and-tear  and  replacement, 
longer  life  and  freedom  from  the  tendency  to  "feel  at 
home  in  the  repair  shop." 

I  disagree  with  Col.  Wall  in  his  belief  that  as  a  tractor 
the  four-wheel-drive  is  supreme.  As  a  matter  of  plain 
mathematics  I  cannot  see  that  a  3-ton  tractor,  weighing 
because  of  its  strengthened  front  and  rear  axles,  extra 
transfer  case  and  universal-joints  some  16,000  lb.  with 
body  and  load,  differs  in  adhesion  from  a  5-ton  truck  of 
the  two-wheel-drive  type,  weighing  with  body  and  load 
16,000  lb.  on  the  rear  axle  and  4000  lb.  on  the  front  axle. 
Both  have  a  possible  drawbar  pull  under  normal  condi- 
tions of  some  9600  lb.  The  simplicity  of  the  latter  is 
beyond  question.  It  seems,  in  view  of  this,  that  to  add 
an  extra  type  of  vehicle  merely  for  a  limited  field  of 
tractive  work,  would  complicate  the  Army  program  un- 
necessarily. The  Militor  four-wheel-drive  truck  has  not, 
however,  been  tried  out  to  any  extent  beyond  a  half 
dozen  samples,  and  it  might  be  worth  while  to  suspend 
further  criticism  until  the  Army  acquires  considerably 
more  experience  with  it.  The  last  vehicle  tested  cer- 
tainly marks  a  big  step  forward  '  in  four-wheel-drive 
design.  It  is  hoped,  from  a  technical  point  of  view, 
that  the  War  Department  will  see  fit  to  order  a  number 
of  these  for  extended  trial. 

E.  R.  Greer: — Col.  Wall's  paper  explains  a  great  many 
interesting  points.  The  military  point  of  view  which 
led  to  the  selection  of  the  various  machines  for  each 
kind  of  work  is  well  worth  considering  in  making  proper 
commercial  applications.  Reliability  was  of  first  impor- 
tance and  little  attention  was  given  to  cost,  but  when  the 
actual  cost  of  operating  motor  trucks  is  figured  over 
long  periods  of  time,  it  will  generally  be  found  that  first 
cost  is  a  small  item,  and  that  reliability  is  what  counts 
most. 

It  is  natural  that  there  has  been  "considerable  con- 
troversy, especially  in  military  circles,  in  regard  to  the 
relative  advantages  of  four-wheel-drive  and  two-wheel- 
drive  types  of  vehicles."  Col.  Wall  has  evidently  ac- 
cepted the  popular  idea  that  four-wheel-drive  trucks  are 
not  as  efficient  as  rear-drive  trucks  and  that  they  are 
more  expensive  to  maintain.    As  a  matter  of  fact,  a  four- 
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wheel-drive  is  more  economical  than  a  rear  drive  even 
on  paved  city  streets.  This  is  because  the  load  is  dis- 
tributed to  the  four  wheels,  resulting  in  less  weight  and 
greater  tractive  efiSciency.  The  tire  mileage  is  practi- 
cally doubled.  If  used  for  the  same  work  as  a  rear- 
drive  truck,  the  four-wheel-drive  truck  will  cost  no  more 
for  upkeep,  but  because  it  can  go  regardless  of  weather 
and  do  "stunts/'  it  is  often  compared  on  an  unfair 
basis. 

The  table  of  drawbar  pulls  gives  the  four-wheel-drive 
trucks  credit  for  some  pretty  high  drawbar  efficiency, 
4000-lb.  pull  at  4  m.p.h.,  the  low-gear  speed  of  an  FWD, 
gives  a  drawbar  horsepower  of  42.6.  The  engine  in 
an  FWD  is  rated  36.1  hp.,  and  can  be  counted  on  for 
38  hp.  at  the  speed  it  runs  when  the  truck  goes  4 
m.p.h.  This  is  112  per  cent  efficiency.  Actually,  8000 
lb.  =  32  hp.  and  is  about  what  can  be  delivered  contin- 
uously. 

The  information  regarding  carrying  or  towing  loads 
is  very  interesting.  Some  of  the  trailer  builders  would 
like  to  have  us  believe  it  is  better  to  tow  a  load  than  to 
carry  one.  It  is  my  opinion  that  for  road  hauling  the 
best  general  results  can  be  obtained  by  the  use  of  a 
.  semi-trailer. 
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THE  PRINCIPLES  OF  THE  WHEELED 
FARM  TRACTOR 

By   Edward  B  Hewitt^ 

GIVEN  a  light  source  of  power  occupying  comparative- 
ly small  space,  a  tractor  can  take  almost  any  form 
and  yet  do  some  work.  There  are  certain  fundamental 
particulars,  however,  which  must  be  heeded  if  any  rea- 
sonable degree  of  engineering  efficiency  is  reached. 
Their  neglect  in  tractor  manufacturing  has  already 
caused  tremendous  financial  loss.  After  a  series  of 
laboratory  tests  on  full-size  wheels,  the  following  con- 
clusions were  reached 

(1)  The  maximum  drawbar  pull  is  a  definite 
function  of  the  weight  per  inch  of  width. 
Weights,  used  varied  from  IT)  to  200  lb.  per 
in.;  the  ratio  of  maximum  possible  drawbar 
pull  to  total  wdght  on  the  wheel  was  con- 
stant for  that  range.  This  was  found  to  be 
true  whether  the  ground  were  wet  or  dry 

(2)  On  sandy  ground  the  drawbar  pull  available 
with  a  smooth  metal  wheel  is  about  30  per 
cent  of  the  weight  on  the  wheel 

(3)  On  damp,  sandy  ground  the  maximum  draw- 
bar pull  is  greater,  being  about  43  per  cent 
of  the  weight,  and  under  some  conditions 
even  slightly  higher 

(4)  Cleats  increase  the  maximum  drawbar  pull 
only  insofar  as  the  soil  resists  shearing;  that 
is,  the  cleat  carries  a  section  of  the  top  soil 
and  slides  it  against  the  soil  below  the  edge 
of  the  cleat.  Experiments  indicated  that  this 
was  practically  independent  of  the  depth  of 
the  cleat,  depending  solely  on  the  shearing 
strength  of  the  soil  at  the  depth  of  the  cleat 
edge.  In  some  cases  the  shallower  cleat  pulled 
more  than  the  deeper  cleat  because  the  roots 
in  the  sod  were  not  cut  off  and  advantage 
was  taken  of  their  shearing  strength 

From  this  study  <of  wheel  work  the  author  passes  to 
the  consideration  of  the  power  required  to  propel  a 
tractor,  covering  his  experiments  and  conclusions  un- 
der the  headings  Weight  on  Wheels,  Over-all  Efficiency, 
Fuel  Efficiency  and  Gear  Changes  and  Size  of  Machines. 
This  is  followed  by  opinions  as  to  future  tractor  main- 
tenance and  durability. 

KNmBUltlng  eoflrtneer,  International  Motor  Co.,  New  York  City. 
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The  hydrocarbon  engine  has  in  recent  years  placed 
us  in  possession  of  a  light  source  of  power  for  the 
purposes  of  farm  traction.  It  is  easily  controlled 
and  operated  by  one  man.  This  has  given  the  farm 
tractor  problem  quite  a  different  position  from  that  which 
it  occupi^  when  steam  was  the  only  method  of  pro- 
pulsion. Although  it  was  possible  to  make  a  one-man 
steam  machine,  this  was  not  usually  done,  and  the  steam 
plant  always  had  so  many  disadvantages  in  starting,  use 
of  water,  leaking  connections,  etc.,  that  its  extended  use 
was  not  to  be  expected. 

Given  a  light  source  of  power  occupying  compara- 
tively small  space,  a  tractor  can  take  almost  any  form  and 
yet  do  some  work.  While  there  is  certainly  vast  latitude 
in  design,  and  many  different  forms  accomplish  the 
purpose  equally  well,  the  fundamental  principles  govern- 
ing the  problem  lay  down  certain  postulates  which  must 
be  followed  if  we  are  to  reach  any  reasonable  degree  of 
engineering  efficiency.  It  is  to  the  study  of  these  prin- 
ciples that  I  wish  to  draw  attention,  as  their  neglect  has 
caused  tremendous  financial  losses  to  both  the  manufac- 
turers and  the  public.  I  will  take  up  the  problems,  be- 
ginning, as  we  may  say,  from  the  ground  and  giving  the 
results  I  have  reached  from  my  personal  observation. 

Friction  of  Wheel  Upon  Ground 

A  series  of  laboratory  tests  on  full-sized  wheels,  which 
checked  very  well  with  work  on  the  machine  in  the  open, 
resulted  in  the  following  conclusions : 

(1)  The  maximum  drawbar  pull  is  a  definite  function  of 
the  weight  per  inch  of  width.  Weights  used  varied 
from  10  to  200  lb.  per  in.;  the  ratio  of  maximum 
possible  drawbar  pull  to  total  weight  on  the  wheel 
was  constant  for  that  range.  This  was  found  to  be 
true  whether  the  ground  were  wet  or  dry 

(2)  On  sandy  ground  the  drawbar  pull  available  with 
a  smooth  metal  wheel  is  about  30  per  cent  of  the 
weight  on  the  wheel 

(3)  On  damp,  sandy  ground  the  maximum  drawbar  pull 
is  greater,  being  about  43  per  cent  of  the  weight, 
and  imder  some  conditions  even  slightly  higher 

(4)  Cleats  increase  the  maximum  drawbar  pull  only 
insofar  as  the  soil  resists  shearing;  that  is,  the 
cleat  carries  a  section  of  the  top  soil  and  slides  it 
against  the  soil  below  the  edge  of  the  cleat.  Ex- 
periments indicated  that  this  was  practically  inde- 
pendent of  the  depth  of  the  cleat,  depending  solely 
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on  the  shearing  strength  of  the  soil  at  the  depth  of 
the  cleat  edge.  In  some  cases  the  shallower  cleat 
pulled  more  than  the  deeper  cleat  because  the 
roots  in  the  sod  were  not  cut  off  and  advantage  was 
taken  of  their  shearing  strength 

In  some  cases  subsoil  may  be  more  tenacious  than  the 
top,  but  this  is  unusual.  It  might  be  supposed  that  when 
the  top  is  sheared  from  the  subsoil,  the  soil  at  the  back 
of  the  wheel  would  support  it  if  the  section  were  deep, 
to  a  greater  extent  than  if  it  were  shallow.  This  does 
not  appear  to  be  the  case  because  of  the  lifting  action  of 
the  back  of  the  wheel  which  tends  to  eliminate  the  sup- 
port This  is  particularly  noticeable  on  hills  when  the 
wheel  is  stressed  to  the  limit.  It  was  found  that  a  cleat 
inclined  forward  at  an  angle  would  improve  this  condi- 
tion so^iewhat.  In  going  uphill  the  cleat  enters  the  soil 
almost  horizontally,  acting  like  a  step  and  tending  to 
lift  the  weight  off  the  wheel.  On  leaving,  the  cleat 
stands  almost  vertical  and  causes  less  friction  and 
loss  of  power.  An  inclination  of  about  30  deg.  was  found 
to  be  the  most  satisfactory  on  a  6-ft.  wheel.  This  ar- 
rangement tends  to  self -clean  to  a  great  extent.  Setting 
the  cleats  at  an  angle  of  30  deg.  to  the  axis  of  the  wheel 
also  helps  this  cleaning  effect  by  a  slipping  action.  The 
shearing  strength  of  the  soils  I  tested  appeared  to  vary 
from  5  lb.  per  in.  of  width  in  dry  molding  sand  to  75 
lb.  in  loam  or  sod.  No  doubt,  tough  sod  or  gumbo  may 
prove  even  stronger  than  this. 

From  these  facts  it  becomes  evident  that  weight  is  the 
only  means  of  obtaining  a  tractive  effort  of  40  per  cent  of 
the  weight  of  the  machine  under  bad  conditions  in  dry 
ground  or  sand,  as  cleats  will  be  of  little  use.  Wheels 
72  in.  wide  would  give  an  added  pull  due  to  the  use  of 
cleats  of  only  360  lb.  for  loose  ground.  Weight  is  there- 
fore practically  the  sole  reliance  for  traction  in  sand  or 
very  dry  loose  ground.  In  sod  or  damp  ground  72-in. 
wheels  would  ordinarily  give  4000  to  5000  lb.  pull  from 
the  cleats  alone,  and  the  light  machine  with  only  suffi- 
cient weight  to  hold  the  cleats  down  would  show  good 
results. 

Power  Required  to  Propel  t9e  Tractor 

Certain  observations  in  operating  a  tractor  led  me  to 
believe  that  the  rolling  losses  were  greater  than  I  had 
anticipated^  and  I  began  a  study  to  determine  the  laws 
governing  the  subject. 

I  took  a  watering  cart  having  46-in.  wheels  with  8- 
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in.  flat  tires,  and  removed  the  tank,  leaving  only  the 
stripped  chassis.  This  was  towed  by  a  motor  truck  over 
several  kinds  of  ground,  and  the  drawbar  pull  was 
measured  by  spring  scales.  After  this  I  replaced  the 
body  and  filled  it  successively  with  various  amounts  of 
water  to  increase  the  load  per  inch  of  width  on  the 
wheels.  Four  types  of  ground  surface  were  tested: 
(a)  hard  macadam  road;  (6)  dry  short  clover;  (c)  sod 
long  grass  (gravelly  loam) ;  (d)  dry  plowed  land,  such 
as  would  ordinarily  be  harrowed,  plowed  24  hr.  previ- 
ously. 

The  drawbar  pull  was  found  to  increase  rapidly  with 
the  weight  per  inch  of  width  on  a  regular  curve  on  all 
but  the  hard  macadam  road,  where  the  increase  was  only 
slight.  This  was  to  be  expected,  as  the  increase  in  pull 
is  due  to  the  work  done  in  crushing  the  ground  surface, 
or,  in  effect,  continually  pulling  the  wheel  uphill.  The 
limits  selected  for  the  tests  were  those  under  which  a 
tractor  can  be  built.  The  curve,  Fig.  1,  shows  the  ratio 
of  the  drawbar  pull  required  for  propulsion  to  weight 
plotted  against  wheel  width  in  inches.  The  speed  used 
was  about  2  miles  per  hr.  I  could  notice  no  marked 
difference  in  the  pull  from  1  to  3  miles.  On  some  previ- 
ous experiments  I  had  observed  that  the  rolling  friction 
of  wheels  of  various  sizes  varies  inversely  as  their  di- 


^ight  per  Inch  of  width  of  46''  Wheel 

Fio.  1 — Rbultxon  Bstwsbn  Weight  Per  Inch  or  Whebl  Width 
AND  THE   Ratio   of   Drawbab   Pull   to   Weight 
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PlO.  2 DiAORAM  OF  THE  RELATION  BETWEBN  THE  MAXIMUM  DRAW- 
BAR  Pull    Developed   bt    a    Tractor   and   the   Weight   on    the 

Whbbls 

ameter  and  I  believe  that  this  fact  can  be  used  with  the 
chart  as  a  basis  for  design.  It  would  certainly  be  valu- 
able to  have  these  observations  extended  further  to 
furnish  a  more  certain  basis  for  calculation/  I  have  yet 
to  see  any  precise  data  on  this  subject. 

The  value  of  these  facts  is  obvious.  If  a  tractor  has 
too  great  weight  per  inch  of  width  of  wheel  and  gets  on 
soft  ground,  as  it  must  do  in  harrowing,  etc.,  the  power 
consumed  in  rolling  friction  becomes  a  large  percentage 
of  the  total  developed  and  the  drawbar  pull  is  propor- 
tionately decreased.  There  is  every  advantage  in  in- 
creasing the  surface  and  reducing  the  weight.  Tractors 
with  a  weight  of  over  200  lb.  per  im  of  width  of  wheels 
that  are  even  6  ft.  in  diameter  become  very  inefficient  on 
soft  ground.  It  is  here  that  the  ''caterpillar''  shows  to 
best  advantage,  and  if  it  were  not  for  its  complication 
and  high  maintenance  cost,  it  might  prove  somewhat 
better  than  the  wheel  for  many  purposes.  When  prop- 
erly proportioned,  however,  the  wheeled  machine  can  be 
made  to  give  a  very  high  efficiency,  as  I  will  show  later 
on,  and  since  wheels  can  be  made  to  last  the  life  of  the 
machine  without  expense  or  renewal,  their  design  is 
worthy  of  very  careful  study. 

Weight  on  Wheels 
Considering  a  four-wheel  machine,  with  the  rear  wheels 
as  drivers,  it  is  evident  that  no  matter  what  form  of 
mechanism  is  used  to  apply  the  power  to  the  wheels,  the 
maximum  drawbar  pull  multiplied  by  its  lever  arm  (P  X 
a)  cannot  exceed  the  weight  on  the  front  wheels  mylti- 
plied  by  a  lever  arm  equal  to  the  distance  from  the  cen- 
ter of  the  front  to  the  center  of  the  rear  wheel  (IF  X  ^)» 
Fig.  2.  The  maximum  pull  which  can  be  applied  will  be 
only  that  required  to  lift  the  front  weight  off  the  ground. 
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If  the  machine  is  on  a  hill,  this  weight  will  be  reduced 
as  the  cosine  of  the  grade  angle.  In  other  words,  when 
we  apply  power  to  the  rear  wheels  we  are  in  effect  trans- 
ferring part  of  the  weight  of  the  machine  from  the  front 
to  the  rear  wheels. 

From  the  preceding  curves  it  is  easily  seen  that  the  in- 
crease in  the  weight  on  the  rear  wheels  would  increase 
the  weight  per  inch,  and  so  increase  the  rolling  friction. 
In  the  first  machine  I  designed  this  was  very  marked, 
as  I  increased  the  weight  on  the  rear  wheels  3500  lb.  by 
applying  full  engine  power,  and  increased  the  rolling 
friction  from  20  to  25  per  cent  on  plowed  ground.  The 
machine,  therefore,  did  not  show  the  drawbar  pull  it 
should  from  power  developed  by  the  engine.  It  took  me 
several  months  to  find  the  cause  of  the  losses,  and  I  was 
not  absolutely  certain  until  I  had  actually  brake-tested 
the  machine  on  the  rear  wheels  under  full  power  and 
found  that  the  mechanical  losses  from  the  engine  to  the 
ground  were  only  16  per  cent  and  did  not  increase  ma- 
terially with  the  lower  gear  ratios  or  increased  power. 
Besides  these  serious  frictional  losses,  very  few  machines 
in  this  country  are  proportioned  in  such  a  way  that  the 
full  engine  power  can  be  applied  on  the  low  gear  on  any 
reasonable  hill  and  not  raise  the  front  of  the  tractor  off 
the  ground.  This  interferes  with  the  steering,  and  in 
many  cases  the  tractor  will  turn  over  if  the  operator  does 
not  shut  off  the  power.  This  is  dangerous,  and  the  full 
power  of  the  tractor  is  not  available.  The  utmost  care 
should  be  exercised  in  having  the  weight  on  the  front 
exactly  right  for  the  work  it  is  desired  to  perform,  and 
any  failure  here  is  inexcusable. 

If  we  consider  a  machine  driving  from  the  front 
wheels,  the  reverse  is  true,  and  the  application  of  power 
decreases  the  weight  on  the  drivers  and  reduces  the 
possible  drawbar  pull  which  can  be  delivered  with  a 
given  weight  of  tractor.  This  type  is  therefore  inef- 
ficient and  will  eventually  be  abandoned.  The  rear-drive 
type  can  be  proportioned  so  that  nearly  all  the  weight  of 
the  front  can  be  carried  by  the  rear  wheels  when  the 
full  engine  power  is  applied,  leaving  only  enough  weight 
for  proper  steering.  This  form  will  then  develop  the 
greatest  possible  pull  for  a  given  total  weight. 

Overall  Efficienct 

By  using  anti-friction  bearings,  good  lubrication  and 
cut  gears  of  good  design,  it  is  possible  to  reduce  the 
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f rictional  losses  from  the  engine  to  the  rim  of  the  rear 
wheels  to  less  than  16  per  cent  of  the  total  power  de- 
veloped. I  found  on  brake  test  of  one  machine  that  the 
losses  with  a  gear  reduction  of  172:1  on  third  speed  were 
not  materially  greater  than  the  losses  at  52:1  on  the 
direct  drive,  where  they  proved  to  be  12.5  per  cent  This 
is  understood  when  we  consider  that  we  are  only  interpos- 
ing two  additional  pairs  of  gears,  the  gears  being  well 
oiled  and  of  ample  size.  As  these  gears  are  running  in 
oil  when  the  tractor  is  operating  on  the  direct  drive,  they 
have  under  these  conditions  the  friction  of  the  oil  in  the 
box,  which  is  very  considerable,  gearbox-oil  friction  with 
heavy  oil  being  about  3  hp.,  and  about  %  hp.  with  light 
oil.  To  the  mechanical  losses  must  be  added  the  rolling 
friction  on  the  ground.  As  seen  above,  this  may  vary 
from  8  to  20  per  cent  with  properly  proportioned  wheels. 
In  testing  the  engine  on  the  brake  I  used  a  vacuum 
gage  on  the  inlet  pipe  and  noted  the  suction  at  various 
loads  at  the  governed  speed.  When  the  engine  was  put 
on  the  tractor  again  I  used  this  gage,  which  gave  me  the 
actual  horsepower  of  the  engine  within  a  very  small 
error,  as  the  engine  in  both  cases  was  operating  at  the 
same  governed  speed.  A  speedometer  was  employed 
that  gave  the  feet  of  advance  per  minute  of  the  tractor 
on  each  gear.  A  spring  dynamometer  was  applied  to  the 
drawbar,  giving  the  reading  in  pounds.  It  was  a  simple 
matter  to  multiply  the  pounds  pull  by  the  feet  of  ad- 
vance per  minute,  get  the  delivered  horsepower  and  com- 
pare it  with  the  actual  engine  power.  It  was  found  that 
on  good  sod  with  short  grass  the  efficiency  of  the  ma- 
chine was  about  75  per  cent,  i.e.,  the  drawbar  horsepower 
divided  by  the  engine  horsepower  was  0.75.  On  plowed 
ground,  harrowing  or  cross  plowing,  it  was  about  65  per 
cent,  and  never  fell  below  that  figure.  When  we  con- 
sider the  low  efficiency  of  touring  cars  and  trucks  this 
seems  a  very  satisfactory  result  on  soft  ground,  and  one 
which  the  engineer  would  scarcely  expect  to  exceed. 

Fuel  Efficiency  and  Gear  Changes 

The  internal-combustion  engine  of  conventional  type 
has  one  serious  drawback ;  if  it  is  overloaded  it  stops  at 
once,  unless  it  is  operating  at  a  speed  such  that  it  is 
beyond  its  maximum  torque  point,  and  slowing  down 
allows  the  torque  to  increase.  In  this  case  the  normal 
load  of  the  engine  can  be  slightly  increased  at  the  ex- 
pense of  the  speed.    These  being  operating  conditions,  it 
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i$(  evident  that  on  a  tractor  the  engine  must  be  regularly 
operated  belowr  full  load,  or  a  specially  hard  pull  on  the 
plows  or  a  slight  hill  will  cause  it  to  stop  or  necessitate 
a  change  of  gears.  It  is,  therefore,  the  usual  practice  to 
gear  tractors  in  such  a  way  that  the  engine  is  operated 
only  at  a  small  percentage  of  full  load,  say  40  or  50  per 
cent.  This  provides  the  safety  factor  for  overloads  and 
for  defective  oiling  and  cooling,  as  the  overloads  may 
prove  to  be  of  short  duration.  The  curves.  Fig.  3,  taken 
as  an  average  of  tests  made  during  several  years  in  my 
own  laboratory  of  a  number  of  good  engines,  show  the 
best  fuel  economy  at  various  percentages  of  full  load, 
all  tests  being  made  at  the  constant  speed  of  1000  r.p.m. 
The  lower  curve  shows  the  best  fuel  economy  I  have  yet 
obtained  when  operating  conditions  were  at  their  best. 
The  curve  marked  1  may  be  taken  to  represent  ordinary 
practice  in  commercial  tractors.  As  we  cannot  operate 
continuously  at  full  load  and  best  economy,  it  is  interest- 
ing to  see  just  how  far  below  this  point  we  can  go  be- 
fore the  increase  in  fuel  becomes  very  marked.  It  will  be 
noted  that  we  should  not  go  below  60  per  cent  on  an  or- 
dinary engine,  while  on  the  best  ones  under  good  condi- 
tions a  fuel  economy  of  0.66  lb.  per  hp.-hr.  can  be  ob- 
tained at  50  per  cent  load.  Tractor  engines  should  not 
be  used  below  this  point  over  long  periods.  Another  point 
to  be  noted  is  the  absolute  necessity  of  having  the  en- 
gine oiled  and  cooled  so  that  it  can  run  all  the  time  at 
50  per  cent  to  full  load,  if  we  are  to  secure  good  fuel 
economy.  A  tractor,  however,  should  work  at  certain 
specified  speeds  for  best  results  on  the  tools  used,  and 
the  pull  of  these  tools  will  vary  as  much  as  100  per  cent 
in  the  same  field,  not  to  mention  hills  and  variations  of 
rolling  resistance. 

How,  then,  are  we  to  get  good  fuel  economy  with  two 
changes  of  gears?  In  my  original  machine  I  had  three 
speeds;  the  high  speed  was  reserved  for  road  use  and 
could  not  be  used  in  the  field,  leaving  only  two  speeds 
for  actual  work.  I  have  been  obliged  to  adopt  four 
speeds  so  as  to  have  three  available  speeds  for  field 
work.  These  are  respectively  1,  2  and  3  miles  per  hr. 
at  1000  revolutions  of  the  engine.  The  latter  is  governed 
to  1200  r.p.m.  In  this  way  it  can  be  used  under  the  proper 
load  conditions  all  the  time  for  best  economy. 

I  use  a  suction  gage  on  the  inlet  pipe  as  an  indicator  of 
the  engine  load,  and  have  this  marked  so  that  the  driver 
knows  that  it  should  not  read  over  8  in.  of  mercury  suc- 
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tion,  which  is  50  per  cent  load.  This  point  was  selected 
as  the  minimum  load  under  which  the  engine  will  oper- 
ate economically.  If  the  suction  rises  above  this  point, 
the  driver  should  shift  to  a  higher  gear  and  load  up  the 
engine  further.  This  is  just  the  opposite  of  touring  car 
practice,  where  we  shift  gears  because  the  engine  is 
overloaded  and  needs  relief.  On  the  tractor,  the  heavier 
the  load,  the  better  the  fuel  economy  will  be,  and  the  bet- 
ter the  financial  result,  provided  the  engine  is  able  to 
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Fio.   3 — Fuel  Economy  at  Various  Percbntaqbs  op  Load  Aver- 

AQED    from    a    NlTMBER    OP    TESTS 

stand  this  load.  We  must  build  engines  capable  of  hold- 
ing their  full  power,  and  a  cooling  system  that  will  keep 
them  within  reasonable  ranges  of  temperature  under  all 
conditions,  if  we  are  to  secure  economical  operation. 

Size  of  Machine 

The  size  of  the  machine  is  a  subject  of  supreme  im- 
portance, and  I  am  in  the  unfortunate  position  of  being 
obliged  to  differ  with  the  general  opinion  that  the  small 
tractor  is  the  future  economical  unit. 

The  expense  of  operating  may  be  divided  into  the  three 
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main  headings  of  operator's  wages,  fuel  and  oil,  and 
maintenance  charges. 

The  driver  on  the  small  machine  is  paid  as  much  as  on 
the  large.  The  maintenance  charges  for  actual  repairs  on 
the  larger  machine,  if  properly  constructed,  are  not  ma- 
terially greater  than  on  the  smaU  machine.  The  only  dif- 
ference here  will  be  in  the  interest  and  depreciation 
items.  The  cost  of  fuel  and  oil  will  prove  to  be  the  main 
difference  in  expense.  This,  however,  is  much  lower  per 
acre  on  the  large  unit  than  on  the  small;  therefore,  the 
operating  expense  per  acre  on  the  large  machine  wiU  be 
less  than  on  the  small  machine,  primarily  because  the 
driver's  wages  will  prove  to  be  at  least  one-third  of  the 
whole  cost. 

The  evident  answer  to  the  question  of  how  large  the 
machine  should  be  made  is  as  large  as  one  man  cim  op- 
erate easily  and  as  large  as  can  be  run  on  the  roads  and 
pass  through  gateways  and  over  bridges.  I  consider  that 
a  width  of  9  ft.  overall  on  the  wheels  is  the  outside  limit 
in  practice,  and  a  total  operating  weight  of  14,000  to  16,- 
000  lb.  With  this  weight  eight  plows  can  readily  be  op- 
erated, plowing  at  the  rate  of  2.8  acres  per  hr.  This 
would  seem  to  be  about  the  practical  limit  for  a  one-man 
machine.  The  two-plow  machine,  on  the  same  basis, 
would  do  0.7  acre  per  hr.  These  figures  are  for  the  regu- 
lar progress  of  the  machine  over  the  ground,  making  no 
allowance  for  delays  and  turns.  In  factory  practice, 
with  automatic  machinery,  it  is  found  very  difScult  to 
get  over  80  per  cent  of  the  best  possible  output  of  the 
machinery,  and  this  is  true  when  all  the  oiling  and  re- 
pairing are  done  outside  of  working  hours  and  the  op- 
erators have  skilled  superintendence. 

How  much  lower  ought  we  to  expect  the  percentage  of 
time  in  operation  to  be  on  a  tractor  subject  to  delays  for 
oiling,  filling  and  adjustments,  not  only  of  the  machine, 
but  of  the  plows  and  tools,  stopping  for  corners  and 
turns,  shifting  gears,  etc.?  An  output  of  60  per  cent  of 
the  theoretical  would  be  very  good  indeed,  and  I  fear  that 
it  often  proves  to  be  very  much  lower.  If  we  take  50  per 
cent  of  7  acres  for  a  day's  work  we  get  3^  acres  on  an 
average,  and  this  is  more  than  is  usually  obtained  over 
any  long  period  with  the  two-plow  machine. 

At  the  present  time  there  are  no  eight-bottom  tractor 
plows  on  the  market  which  can  be  worked  satisfac- 
torily from  the  tractor  by  one  man.  I  have  made  a  set 
for  my  machine  which  works  fairly  well,  but  it  will  be 
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some  years  before  these  devices  can  be  perfected.  Four- 
bottom  plows  are  now  to  be  had  which  with  a  few 
changes  can  be  made  to  work  fairly  well  from  the  tractor. 
It  is  probable  that  at  the  present  time,  taking  into  con- 
sideration all  the  facts  of  economy,  first  cost  and  ease 
of  operation,  the  four-plow  machine  is  the  best  suited 
to  build.  This  is  especially  true  when  we  consider  that 
it  is  possible  to  design  a  four-plow  machine  with  sub- 
stantiaUy  no  side-draft  and  operated  with  the  tractor 
wheels  of  ample  size  running  on  the  unplowed  ground. 
I  have  just  had  the  opportunity  of  getting  figures  from 
three  of  the  best  standard  makes  of  machines,  working 
in  Orange  County,  New  York,  on  difficult  land.  They 
were  operated  for  a  whole  season  by  a  township  commit- 
tee. The  machines  have  averaged  about  an  acre  a  day 
each  during  the  season.  The  same  money  invested  in 
horses  would  have  done  more  and  a  larger  variety  of 
work.  The  cost  per  acre  has  been  much  greater  than  with 
horses,  and  the  three  machines  all  need  rebuilding  at 
considerable  expense.  With  a  capacity  of  20  to  30  acres 
a  day,  we  have  a  good  chance  to  get  10  or  15  acr^  regu- 
larly. In  my  view,  it  is  not  the  first  cost  of  the  whole 
outfit  that  will  be  tiie  deciding  factor,  but  the  investment 
per  acre  worked  per  year.  If  the  large  and  more  ex- 
pensive machine  will  do  the  work  more  cheaply,  and  at 
the  same  time  show  a  lower  investment  per  acre,  it  will 
be  the  one  to  survive  in  the  long  run.  Small  machines 
are  advertised  to  pull  mowing  machines,  reapers,  culti- 
vators, etc.  It  seems  rather  a  step  backward  to  be  pull- 
ing these  machines  by  a  means  costing  at  the  lowest  esti- 
mate from  $5  to  $8  a  day  to  operate,  when  we  can  do  it 
with  horses  at  not  over  $4  to  $4.50 ;  or  to  be  running  a 
thresher  and  silo  cutter  with  a  machine  costing  between 
$900  to  $1,500,  when  we  can  do  the  same  work  with  a 
stationary  engine  costing  between  $200  and  $800;  while 
the  tractor  could  be  plowing  and  doing  expensive  work  on 
the  farm.  My. view  is  that  the  small  tractor  is  rarely 
needed  at  all  for  the  small  farm.  On  any  farm  up  to  100 
acres  the  work  can  be  done  with  horses  more  cheaply  and 
better,  especially  if  the  farmer  uses  the  right  crop  rota- 
tion and  carries  enough  live  stock.  The  small  tractor 
would  only  be  a  source  of  expense,  as  he  would  certainly 
have  to  keep  horses  as  well.  The  tractor  should  have  at 
least  200  acres  to  cover  a  year,  and  better  still,  500  or 
1000.  On  this  large  output  a  skilled  man  can  be  employed 
and  the  machine  properly  worked.  The  tractor  and  farm 
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tools  that  the  farmer  will  have  available  for  some  years 
to  come  are  certain  to  be  the  kind  of  machinery  that 
should  not  be  placed  in  the  hands  of  the  untrained. 

Conclusion 

In  closing,  I  would  like  to  add  a  word  as  to  what  can 
be  expected  in  the  future  as  to  the  maintenance  and 
durability  of  good  tractors. 

A  motor^truck  designing  experience  of  twelve  years 
has  taught  me  that  a  well-made,  properly  designed  gear- 
box and  clutch  will  last  from  five  to  ten  years  with  no 
repairs,  and  I  see  no  reason  why  we  should  not  expect 
even  better  results  on  tractors  if  we  proportion  the 
loads  properly,  especially  as  the  tractor  will  not  operate 
more  than  120  days  a  year.  The  wheels  on  my  machine 
show  no  wear  after  two  years'  work,  and  I  am  sure  they 
will  last  the  life  of  the  machine,  with  the  possible  renewal 
of  cleats  every  four  or  five  years.  The  frame,  riveting 
and  steering-gear  can  be  made  absolutely  durable.  The 
two  places  in  which  we  will  have  excessive  wear 'are  on 
the  final  drive  to  the  rear  wheels  and  on  the  engine.  The 
main  drive  to  the  wheels  is  not  durable  on  any  machines 
I  have  seen.  On  my  own  it  has  lasted  two  years  and  re- 
quires renewal.  It  will  be  replaced  with  a  drive  of  better 
proportion  and  materials,  and  better  protected  from  dirt; 
I  hope  to  get  four  years  out  of  it  at  least.  This  can,  no 
doubt,  be  further  improved.  On  the  engine  the  main 
source  of  wear  is  the  dust  in  the  cylinders.  Even  with 
a  fine  muslin  dust  filter  8  sq.  ft.  in  area  the  pistons  and 
rings  were  badly  worn  in  100  days'  running.  A  perfect 
air  cleaner  is  an  absolute  necessity  for  tractors.  Those 
I  have  seen  advertised  thus  far  are  all  of  types  which  will 
not  really  remove  the  finest  particles  of  dust,  which  do 
the  actual  damage  to  the  engine,  and  they  cannot  elimi- 
nate the  trouble.  If  we  succeed  in  protecting  the  engine 
from  dirt,  there  is  no  reason  why  we  cannot  get  ten 
years'  service  out  of  it,  with  a  regular  overhaul  every 
year  or  two.  I  know  of  motor-truck  engines  in  opera- 
tion today  which  have  been  in  constant  use  for  over  ten 
years,  and  I  firmly  believe  we  shall  make  a  tractor  in  the 
near  future  with  a  very  low  maintenance  cost  and  a  very 
low  operating  cost  per  acre.  I  believe  we  may  hope  to 
plow  for  about  60  cents  per  acre,  on  good  land,  this  in- 
cluding all  charges,  as  against  $3  to  $4.50  with  horses. 
If  this  is  accomplished,  the  tractor  engineer  will  have 
done  his  bit  toward  solving  the  food  problem. 
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THE    DISCUSSION 

D.  L.  Arnold: — Mr.  Hewitt  has  developed  this  for- 
mula for  weight  on  wheels: 

The  maximum  drawbar  pull  multiplied  by  its  lever 
arm  from  the  ground  to  the  center  of  the  drawbar  can- 
not exceed  the  weight  on  the  front  end  multiplied  by  its 
lever  arm  equal  to  a  distance  from  the  center  of  the  front 
wheels  to  the  center  of  the  rear  wheels;  or  in  other 
words : 

P  X  a  =  PF  X  ft  wherein 
P  =  the  maximum  drawbar  pull  in  pounds 
a  =  the  distance  from  the  ground  to  the  center  of  the 

drawbar 
W  =  the  weight  on  the  front  wheels 
h  =  the  wheelbase 

These  factors  are  not  the  only  ones  entering  into  the 
reasons  why  a  tractor  will  tip  over.  If  the  powerplant 
of  the  tractor  has  insuflficient  torque,  regardless  of  the 
drawbar  pull  or  the  weight  on  the  front  end,  it  will  be 
impossible  to  have  a  tractor  tip  over  or  pull  its  maximum 
drawbar  pull.  Therefore,  the  maximum  torque  of  the 
engine  and  gear  reduction  on  the  tractor  is  as  great  a 
factor  as  those  heretofore  mentioned,  if  not  greater. 
Taking  these  factors  into  consideration,  the  formula 
should  be  for  the  tractor  equilibrium : 

Gear  ratio  multiplied  by  engine  torque  in  pounds-inches 
equals  the  wheelbase  in  inches  multiplied  by  the  weight 
of  the  front  end  in  pounds. 

The  cosine  of  the  angle  of  inclination  the  tractor  makes 
with  a  horizontal  must  also  equal  the  maximum  drawbar 
pull  in  pounds  multiplied  by  the  height  of  the  drawbar 
from  the  ground;  or  in  other  words,  the  general  for- 
mula is: 

GT  =zbW  coaV  =  pa 

The  derivation  of  this  formula  is  shown  below. 
The  tractor  front  end  is  unstable  when 

GT>bW  +  pc  or  when 
pa  >  bW  or 
GT>pa 

a    =  Height  of  drawbar  center  from  ground  line  in 

inches 
b    =  Length  of  tractor  wheelbase  in  inches 
c    =  Vertical  distance  from  drawbar  center  to  rear  axle 

in  inches 
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f * 1 


P^ 


d    =  Diameter  of  rear  wheel  in  inches 

G  =Gear  ratio  or  relation  between  engine  and  rear 
wheel  speeds 

Gr  =  Gear  ratio  reverse 

Gi  =  Gear  ratio  first  speed 

Gt  =  Gear  ratio  second  speed 

Ga  =  Gear  ratio  third  speed 

G4  =  Gear  ratio  fourth  speed 

M  =  Engine  speed  in  revolutions  per  minute 

p    =  Pressure  at  drawbar  in  pounds  or  drawbar  pull  in 
pounds 

Pi  =  Pressure  between   driving-wheel   and  ground  in 
pounds 

T  =  Engine  torque  in  pounds-inches 

V  =  Angle  above  horizontal  at  which  tractor  stands 

W  =  Actual  weight  of  front  end 

Note: — The  actual  weight  will  vary  with  the 
angle  at  which  the  tractor  is  used,  being  greatest 
when  the  tractor  is  in  a  level  position  and  de<* 
creasing  as  the  angle  increases.  Neglecting 
changes  in  the  center  of  gravity  this  weight  varies 
as  the  cosine  of  the  angle;  hence 

W  should  be  written  TFcosV 

r   =  Rear  wheel  radius 

S  =  Rear  wheel  speed  in  revolutions  per  minute 

F  =  Speed  in  feet  per  minute 

When  equilibrium  of  the  tractor  relative  to  ground 
movements  is  established 

P    =Pi 
Pir  =  GT 
pr  =GT 

For  forward  movements  of  the  tractor  GT  must  be 
greater  than  p^r. 
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The  effect  of  drawbar  pull  on  the  front  end  is  given 
below. 

pc  =  Pounds-inches  torque  on  the  rear  axle  due  to 

the  drawbar  pull  p 

pc/b  =  Additional  weight  effect  added  to  the  front 
end  due  to  the  drawbar  puirp 

hW  =  Additional  weight  effect  added  at  the  rear 
axle  due  to  the  weight  of  the  front  end  only 
with  tractor  level 

bWcoBV  =  Found-inches  torque  effect  at  the  rear  axle 
due  to  the  weight  of  the  front  end  when  in- 
clined up  from  the  horizontal  at  the  angle  V 
(WcosV  will  probably  not  be  exactly  correct 
and  the  tractor  will  have  to  be  weighed  at 
the  angle  V  for  the  correct  figures  due  to  the 
changing  the  center  of  gravity) 

Where  sufficient  engine  torque  is  available  to  equal 
the  effective  pounds-inches  of  torque  tending  to  hold  the 
front  end  down  the  tractor  front  end  will  be  in  equi- 
librium. Equilibrium  of  the  front  end  is  established 
when 

GT  =  Pir=:pe  +  bWcoaV 

Pir  =  pc'\-  bW    or 

bW=^Pir  —  pe    as 

p  =  pxbW  =  p  (r— c) 

Substituting  a,  which  is  the  equivalent  of  r  —  c,  we 
have 

bW  =  p  (c  +  a  —  c)     or 

bW  z=pa  =  GT  for  equilibrium 

Therefore  the  tractor  front  end  will  leave  the  ground 
and  tip  over  backward  when 

bW<pa 

The  drawbar  pull  at  equilibrium  can  be  expressed  by 
the  equation 

p^bW-T-a 

The  rate  of  travel  is  expressed  in  either  miles  per 
hour  or  feet  per  minute.  The  speed  in  feet  per  minute 
equals  the  speed  in  miles  per  hour  multiplied  by  5280  and 
divided  by  60,  or  88  times  the  rate  of  travel  in  miles  per 
hour.  The  speed  in  miles  per  hour  is  equal  to  the  rate 
of  travel  in  feet  per  minute  divided  by  88  or  multi|)}ied 
by  its  reciprocal  0.0113636.  .    ;.,  , 

The  gear  ratio  is  the  relation  of  the  engine 'speed  in 
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revolutions  per  minute  to  the  rear-wheel  speed  in  revo- 
lutions pel*  minute. 

M 

*  ^-T  ~  0.2618  — <£ 
12 

F 
^  =  ^   -^  0.2618 -d  ^' 

M  (0.2618  — d) 
^=  F 

The  source  of  motive  power  in  the  tractor  is  that  force 
delivered  at  the  end  of  the  revolving  shaft  of  the  power- 
plant  and  is  measured  in  pounds-inches  torque  or  pounds- 
feet  torque.  The  pounds-inches  of  torque  at  the  rear 
axle  then  equals  GT,  neglecting  efficiency  of  transmis- 
sion. 

Summarizing  the  conditions  for  equilibrium,  we  have 


GT  = 

bW  = 

pa 

G 

bW 

""   T  '' 

pa 
"  T 

T 

bW 

pa 
"  G 

b 

GT 

pa 
W 

P 

_GT 
~"  a 

_bW 
a 

a 

_GT 

_bW 
V 

The  values  for  W  will  change  approximately  as  the  co- 
sine of  the  angle  of  inclination  the  tractor  makes  with  the 
ground,  the  best  values  being  taken  from  the  actual 
weight  at  various  angular  positions. 

The  general  formula  for  equilibrium  may  thus  be 
written 

GT=ibWcosV  =  pa 

Me.  Hewitt: — Mr.  Arnold  has  carried  out  my  idea  in 
a  very  complete  manner  and  he  must  be  commended  for 
finishing  the  theory.  I  did  not  attempt  in  my  paper  to 
make  a  complete  working  formula  but  only  called  atten- 
tion to  the  fact  of  the  front  end  revolving  about  the  axis 
of  the  rear  wheel   if   the   power   applied   exceeded   the 
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weight  of  the  front  end  as  increased  by  the  leverage.  It 
seemed  to  me  that  any  competent  engineer  could  make 
his  own  calculation  if  the  matter  were  brought  to  his 
attention. 

E.  R.  Greer: — In  pointing  out  the  effect  of  lugs  or 
cleats  on  traction  wheels,  Mr.  Hewitt  has  overlooked  the 
advantage  that  can  be  obtained  from  spiral  extension 
cleats  when  they  are  properly  spaced.  This  type  of  cleat 
not  only  cleans  itself,  but  it  compresses  the  soil  without 
shearing  it,  and,  due  to  the  slight  slipping  of  the  wheels, 
there  is  a  side-thrust  on  the  ground  not  actually  rolled  over 
by  the  wheels.  I  do  not  think  that  the  shearing  strength 
of  the  soil  times  the  width  of  the  traction  wheel  rim,  is 
the  limit  of  possible  tractive  effort  from  cleats.  Before 
condemning  tractors  with  front-wheel  drive,  it  might  be 
well  to  consider  that  about  80  per  cent  of  the  work  done 
by  tractors  is  on  more  or  less  hilly  ground,  where  this 
type  of  drive  has  a  tremendous  advantage.  As  the  weight 
on  the  rear  or  steering  wheels  becomes  greater  when  go- 
ing up  hill,  the  control  of  the  tractor  is  made  more  posi- 
tive, so  that  this  difficult  condition  is  easily  met.  This 
type  has  another  great  advantage  in  that  it  greatly  re- 
duces the  drift  of  the  implement  when  used  on  side  hills; 
it  also  makes  it  possible  to  build  the  tractor  so  that  over 
85  per  cent  of  its  weight  is  normally  on  its  drive  wheels. 
It  can  never  rear  up  and  kill  the  operator.  The  percent- 
age of  load  for  a  tractor  engine  is  usually  nearer  90  per 
cent  than  60.  In  deciding  on  the  proper  size  of  tractor  it 
is  hardly  right  to  consider  plowing  only.  It  makes  a 
great  difference  whether  the  tractor  is  to  be  used  on  a 
"small  grain"  farm  or  where  com  is  the  principal  crop. 
Plowing  in  any  case  is  less  than  50  per  cent  of  the  work 
to  be  done. 

Daniel  Roesch  : — Referring  to  the  chart  showing  the 
relationship  between  fuel  consumption  per  brake  horse- 
power per  hour,  per  cent  of  full  load  at  1000  r.p.m.,  and 
the  suction  on  intake  manifold  in  inches  of  mercury,  the 
curve  of  the  best  result  probable  from  the  Otto  cycle  in- 
tercepts the  fuel  consumption  ordinate  at  2.3  lb.  of  gas 
per  b.hp.  per  hr.,  with  the  engine  at  zero  load.  This  is  a 
condition  that  can  never  be  realized  in  an  engine  having 
friction,  since  the  figure  is  obtained  by  dividing  the 
pounds  of  gasoline  necessary  to  operate  the  engine  by  the 
load  in  brake  horsepower.  The  quotient  is  infinity  and 
the  curve  should  show  asjrmptotic  to  the  ordinate  with 
somewhat  the  same  characteristics  as  the  other  curves  at 
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light  loads.  The  relationship  between  the  upper  hori- 
zontal scale  of  intake  manifold  depression,  and  the  lower 
horizontal  scale  of  per  cent  of  full  load  is  worthy  of 
further  inspection  than  that  given  by  the  author.  It  is 
to  be  noted  that  the  upper  scale  is  not  proportional.  Plot- 
ting these  two  variables  on  coordinate  paper  shows  re- 
sults consistent  both  in  themselves  and  as  compared  with 
numerous  parallel  tests  conducted  in  the  laboratories  of 
Armour  Institute  of  Technology.  The  effect  of  the  par- 
ticular compression  used  in  an  engine  will,  however, 
greatly  modify  the  upper  scale.  This  upper  scale  as 
shown  indicates  a  1-in.  carbureter  resistance  at  wide- 
open  throttle  while  operating  at  1000  r.p.m.  and  by  exter- 
polation,  18-in.  manifold  depression  when  the  engine  is 
operating  at  1000  r.p.m.  without  external  load.  Factors 
of  increased  compression,  maximum  and  decreased  f  ric- 
tional  losses,  mechanical  and  fluid,  may  increase  this  lat- 
ter figure  to  20  in.  of  mercury  depression  or  more.  These 
same  factors  may  decrease  the  right-hand  scale  limit  of 
intake  manifold  depression  from  1  in.  of  mercury  to  0.5 
in.  less.  Tests  made  on  the  same  engine  at  1000  and 
2000  r.p.m.  from  wide-open  throttle  to  no  load  show  prac- 
tically no  variation  in  the  relationship  between  intake 
manifold  suction  and  per  cent  of  full  load.  In  connection 
with  the  author's  discussion  of  the  curves  shown  on  this 
chart,  it  would  appear  to  have  been  desirable  to  note 
the  feature  of  inherent  lower  compression  occurring  with 
increasing  manifold  depressions,  and  producing  the  high 
fuel  consumption  at  the  lighter  loads.  Along  these  lines 
he  discusses  the  relative  frictional  losses  in  a  tractor 
and  an  automobile,  but  omits  to  bring  out  the  relative 
loads  on  the  engine  and  power  transmitting  parts  of  the 
two  machines.  Observations  by  the  writer,  extending 
over  a  period  of  several  years,  show  from  13  to  16  in.  of 
manifold  depression  in  an  engine  driving  a  passenger  car 
at  say  20  miles  per  hr.  Taking  the  chart  in  this  paper, 
we  find  this  to  correspond  to  from  22.5  to  12.5  per  cent 
of  full  load.  The  car  frictional  loss  in  per  cent  will  be 
higher  under  these  conditions  than  when  the  case  of  the 
tractor  is  taken  and  its  engine  operating  at  60  per  cent 
or  more  of  full  load,  at  the  particular  operating  speed. 
The  frictional  losses,  actual  or  in  per  cent,  must  be  taken 
under  parallel  or  all  load  conditions  for  comparison. 

The  method  of  estimating  the  approximate  horsepower 
of  the  engine  in  a  tractor  by  observation  of  known  in- 
take manifold  depressions  obtained  from  tests,  appears 


Digitized  by 


Google 


THE  PRINCIPLES  OF  THE  WHEELED  FARM  TRACTOR       101 

commendable  where  extreme  accuracy  is  not  desired. 
There  is  an  opportunity,  however,  for  introducing  large 
errors  when  dealing  with  differences  of  power  determined 
under  variations  of  mixture,  spark  advance,  cooling  wa- 
ter, barometric  pressure  and  air  temperature  and  hu- 
midity. 

The  further  reference  of  the  author  to  intake  manifold 
suctions  are  certainly  worthy  of  extended  study,  and  un- 
doubtedly will  serve  to  depict  operating  and  test  condi- 
tions more  clearly  and  correlate  them. 

H.  L.  Horning  : — Our  experience  indicates  that  tractor 
engines  should  be  so  designed  as  to  have  maximum 
torque  about  30  per  cent  below  governed  speed,  and  a 
governed  speed  slightly  above  the  speed  of  maximum 
economy.  Tractor  engines  in  our  experience  do  not  work 
at  half  load,  but  at  such  a  load  as  to  be  beyond  the  limit 
of  the  governor;  hence  the  advantage  of  a  rising  torque 
curve  at  speeds  decreasing  from  governed  speed.  The 
average  speed  of  tractors  is  governed  not  by  the  governor 
or  design,  but  by  the  maximum  speed  at  which  the  farmer 
cares  to  ride,  which  is  almost  always  determined  by  the 
depth  of  the  plows.  Hence  the  engine  is  working  at  over- 
load most  of  the  time,  as  the  average  shop  man  would  say. 
A  distinction  which  tractor  men  should  learn  with  regard 
to  engines  before  they  can  get  very  far  is  that  an  over- 
load on  a  tractor  engine  must  not  mean  a  load  which  in- 
jures the  engine  through  continuous  performance.  There 
is  no  load  which  can  possibly  injure  any  first-class  trac- 
tor engine.  The  term  overload  as  used  can  mean  only 
one  thing;  namely,  that  the  horsepower  at  the  drawbax 
is  not  sufficient  to  maintain  drawbar  demands  and  gov- 
erned speed.  The  thing  to  suffer  must  be  the  speed.  It 
does  little  harm  for  the  speed  to  drop.  The  torque,  hence 
drawbar,  must  persist  and  so  must  the  engine.  -Sp^ed  of 
the  tractor  is  the  only  factor  which  can  vary  without 
serious  consequences  at  the  maximum  demands  of  the 
tractor.  As  it  actually  happens,  the  farmer  drops  the 
plow  as  deeply  as  possible  until  the  engine  slows  down  to 
such  a  point  that  he  simply  cannot  tolerate  the  speed. 
If  the  engine  slows  down  below  its  speed  of  maximum 
torque  before  the  farmer  gets  restive,  the  engine  dies. 
The  farmer  usually  becomes  impatient  and  lifts  the  plow, 
and  the  engine  speeds  up  to  a  rate  which  balances  with 
the  torque  demand  of  lesser  plow  depth.  And  so  the  law  of 
supply  and  demand  works  out  through  the  plowing  season 
with  the  same  flexibility  as  it  does  in  the  broader  eco- 
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nomic  fields.  The  farmer  demands  all  he  dares  from  the 
engine.  The  engine  gives  all  it  can.  If  the  farmer  de- 
mands too  much,  the  engine  supplies  less,  vtrhich  is  the 
equivalent  of  the  price  of  a  commodity  going  up.  If  the 
farmer  eases  off  on  the  demand,  the  engine  gives  more, 
which  means  that  price  for  the  commodity,  traction,  de- 
creases. Those  who  have  developed  a  governor  through 
years  of  experience  know  that  its  wear  is  very  moderate 
in  plowing  work,  but  it  wears  out  rapidly  in  belt  work, 
a  strong  proof  of  the  statement  of  average  use  in  which 
the  governor  is  wide-open  and  the  engine  operating  by 
itself  in  the  zone  of  stability. 

The  price  of  fuel  must  be  out  of  all  proportion  to  cur- 
rent commodity  prices  to  make  fuel  economy  of  primary 
and  absorbing  interest  to  farmers.  Our  experience  is 
that  farmers  buy  kerosene  tractors  but  bum  gasoline. 
The  kerosene  attachments  up  to  this  time  are  mostly  safe- 
guards against  exorbitant  prices  of  gasoline. 

Generally  speaking,  tractors  must  give  larger  returns 
than  they  have  in  the  past.  This  particularly  applies  to 
small  tractors  of  the  two-plow  type,  which  operate  under 
handicaps  in  competition  with  larger  sizes. 

There  is  little  to  be  pessimistic  over,  as  we  have  not 
yet  manufactured  7  per  cent  of  the  tractors  necessary  to 
saturate  the  market,  and  our  experience  is  necessarily 
slight  and  our  ignorance  profound. 

R.  B.  Shoop: — ^The  shape  of  the  cleats  has  a  definite 
bearing  on  the  effectiveness  of  the  field  resistance.  If  a 
cleat  or  lug  disturbs  the  surface  of  the  soil  when  enter- 
ing the  ground,  the  effective  face  of  the  resisting  sur- 
face has  been  reduced,  with  a  loss  of  footage,  especially 
if  the  soil  is  light  and  the  cohesiveness  of  the  ground  is 
almost  reached.  My  observation  has  been  that  the  move- 
ment of  the  soil  under  the  backward  pressure  is  almost 
the  form  of  a  right-angle  triangle  with  the  hypotenuse 
as  the  line  of  breaking  soil.  If  the  cleat  has  an  involute 
curve  the  ingoing  and  outcoming  movements  are  vertical 
and  do  not  break  up  the  soil,  but  rather  compress  it,  giv- 
ing more  resistance  to  the  action  of  the  lug. 

There  have  been  pro  and  con  arguments  relative  to  the 
.  size  of  the  tractor.  Some  years  ago  the  president  of  one 
of  the  largest  tractor  companies  started  considerable  dis- 
cussion when  he  pronounced  the  small  tractor  an  economic 
impossibility.  He  neglected  to  take  into  consideration 
the  tendency  of  the  modern  farms  to  use  power,  when 
possible,  and  would  not  consider  that  the  large  tractor 
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did  not  yield  suitable  returns  on  the  small  farm,  either  as 
an  individual  or  community  purchase.  The  greatly  in- 
creased production  of  1918  was  due  in  no  small  way  to 
the  two,  three  and  four-plow  tractor;  in  fact,  without  the 
small  one-man  machine,  operated  by  the  boy  or  elderly 
man,  it  would  have  been  impossible. 

I  have  observed  that  it  is  seldom  necessary  to  put  any 
devices  on  a  tractor  to  induce  the  farmer  to  work 
his  machine  at  nearly  maximum  capacity;  on  the  con- 
trary, tractor  engineers  have  been  trying  to  find  some 
way  to  prevent  the  abuse  of  overloading.  The  average 
farmer,  if  he  considers  that  his  tractor  can  do  more 
work,  will  unhesitatingly  put  more  implements  in  ser- 
vice. A  tractor  in  the  hands  of  a  farmer  works  at  ap- 
proximately 90  per  cent  of  its  capacity  from  70  to  80  per 
cent  of  the  time. 

A  three  or  four-speed  transmission  would  sometimes  be 
of  advantage,  but  when  the  extra  mechanism  and  extra 
weight,  together  with  extra  cost,  are  considered,  it  is  of 
doubtful  economic  value,  especially  when  1  lb.  extra 
weight  means  1  gal.  of  fuel  in  the  life  of  the  machine. 

A.  F.  Moyer: — I  undertook  research  on  the  perform- 
ance of  wheels  in  soft  soil  about  2^^  yr.  ago,  but  have 
been  able  to  experiment  only  on  rolling  resistance,  al- 
though the  intention  of  experimenting  on  tractive  prop- 
erties of  drive-wheels  was  kept  continually  in  mind. 
This  work  is  just  about  to  be  renewed  on  a  large  scale 
after  interruption  by  special  war  training  of  the  U.  S. 
Army  and  Navy  in  our  laboratory.  If  Mr.  Hewitt  wishes 
further  "precise  data  on  this  subject,"  the  original  record 
books  will  be  gladly  opened  to  him  at  any  time  he  wishes 
to  call  at  the  Experimental  Engineering  Laboratory,  Uni- 
versity of  Minnesota.  His  statements  regarding  the 
friction  of  drive-wheels  on  /  the  ground  is  of  much 
interest,  but  may  not  be  fully  accepted  by  all.  It  would 
seem  that  the  adhesion  obtained  by  a  series  of  narrow 
spade  or  cone  shaped  lugs  might  be  different  from  that 
resulting  from  long  cleats  extending  entirely  across  the 
tire. 

The  power  required  to  propel  the  tractor  as  de- 
termined by  the  author  is  based  on  interesting  data  which 
will  permit  the  bearing  values  of  different  soils  to  be 
numerically  determined  from  formulas.  The  author  does 
not  state  whether  the  water  cart  used  in  his  experiments 
was  of  two  or  four  wheel  construction,  and,  if  of  the  lat- 
ter, whether  the  rear  wheels  tracked  the  front  ones.  The 
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rear  wheels  of  a  tractor  are  usually  of  a  broader  tire 
than  the  front  pair,  and  do  not  always  run  in  the  same 
track.  The  statement  of  the  variation  of  resistance  with 
different  wheel  diameters  would  be  in  general  correct  if  it 
were  amended  to  read,  "varies  inversely  tuith  the  di- 
ameter" and  not  "cw  the  diameter."  Such  a  mathematical 
relation  is  only  vaguely  approximate.  The  amended 
clause  signifies  that  as  the  diameter  increases  resistance 
decreases,  but  the  relation  involves  at  least  the  square 
of  the  diameter  based  on  theoretical  grounds,  and  experi- 
ment has  shown  that  a  still  higher  exponent  ought  to  be 
used,  as  the  soil  will  bear  up  more  per  cubic  inch  dis- 
placed under  a  wheel  of  large  diameter  than  under  one  of 
small  diameter.  The  author  states  that  he  notes  no 
marked  difference  in  the  resistance  to  rolling  between  1 
and  8  miles  per  hr.  I  have  repeatedly  obtained  differ- 
ences of  15  per  cent  and  often  more  between  these  limits, 
resistance  increasing  with  velocity. 

The  author's  method  of  measuring  the  power  input  in 
his  tractor  is  of  considrable  interest  and  at  least  ap- 
proximate. Without  research  on  the  method,  the  pos- 
sible error  cannot  be  prognosticated.  This  is  one  of  the 
many  instances  in  which  approximate  data  are  better 
than  none. 

The  discussion  of  torque  load  on  the  engine  with  rela- 
tion to  fuel  economy  is  true  when  the  engine  is  turning 
at  its  best  speed,  but  shifting  to  a  higher  gear 
when  the  drawbar  load  becomes  light  will  usually 
be  accompanied  either  by  a  speed  t6o  high  for  the  im- 
plement or  an  engine  speed  below  that  of  the  governor, 
which  is  impractical,  and  probably  with  inferior  fuel 
economy. 

To  one  who  knows  the  history  of  the  large  gas  tractor 
as  pioneered  in  Minneapolis  10  yr.  ago,  the  consideration 
of  tractor  size  will  exclude  the  very  large  unit.  With- 
out question  the  two-plow  unit  is  too  small  for  economy. 
From  three  to  six-plow  sizes,  in  my  judgment,  have  the 
best  possibilities,  with  a  slight  preference  for  the  four- 
plow  machine. 

R.  W.  Lohman: — It  is  indeed  refreshing  to  have  a 
manufacturer  of  tractors  come  right  out  in  the  open  and 
say  that  if,  for  instance,  a  maximum  theoretical  capacity 
of  100  acres  per  day  is  provided  in  tractor  equipment  we 
may  possibly  find  at  the  end  of  a  week  that  the  average 
acreage  handled  has  been  as  much  as  50  acres  per  day. 
If  other  tractor  makers  had  been  equally  frank,  or  as 
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well  informed,  in  the  past,  power  farming  might 
be  more  favorably  regarded  by  the  average  farmer  than 
it  is  today.  The  usual  method  of  considering  the  ex- 
pense of  any  farming  operation,  say  plowing  for  exam- 
ple, as  the  simple  cost  of  the  crew,  fuel  and  supplies,  di- 
vided by  the  maximum  number  of  acres  which  a  tractor 
can  plow  whUe  aettuilly  in  motion,  is  wholly  erroneous 
and  misleading,  omitting,  as  it  does,  all  indirect  produc- 
tion labor,  all  indirect  supplies  and  material  and  all  fixed 
charges.  As  the  result  of  8  yr.  detailed  observation  and 
experience  with  various  tractors,  50  to  60  per  cent  of 
the  actual  available  plowing  hours  is  all  that  the  average 
farmer,  with  ordinary  mechanical  ability,  can  be  ex- 
pected to  get  out  of  his  equipment. 

In  determining  the  capacity  of  certain  equipment  re- 
quired for  the  cultivation  of  24,000  acres  this  coming 
year,  we  found,  for  example,  that  a  120-hp.  tractor 
should,  theoretically,  plow  62.5  acres  every  10  hr.,  or  125 
acres  per  night  and  day  shift  of  20  hr.  Falling  back 
upon  our  records,  however,  we  found  that  only  80  per 
cent  of  this,  or  100  acres,  was  the  best  performance  we 
had  been  able  to  maintain,  and  this  only  by  extremely 
careful  supervision,  ample  stock  of  repair  parts,  proper 
shop  equipment,  provision  for  rapidly  loading  with  oil, 
gas,  water  and  grease  twice  a  day  when  plowshares 
were  changed,  taking  hot  meals  out  to  the  crew 
in  midshift,  and  always  taking  them  to  and  from 
the  equipment  in  automobiles  on  regular  schedule 
time.  But  still  another  factor  enters,  and,  while  it  may 
not  be  concerned  with  the  engineering  design  of  the 
tractor,  it  is  of  great  importance  to  the  operator.  It  is 
the  good  weather  factor.  We  found  that,  on  the  tract  in 
question,  the  days  upon  which  it  did  not  rain  were  only 
75  per  cent  of  the  total  elapsed  days  in  the  plowing 
season.  This  still  further  reduced  the  available  time,  or 
the  effective  plowing  capacity  per  tractor,  by  another  25 
per  cent,  or  to  75  acres  per  day  and  night  af  elapsed  time. 
Thus  the  total  reduction  factor,  from  the  125  acres  per 
20-hr.  day,  which  it  is  theoretically  possible  to  plow  with 
such  a  tractor,  to  the  75  actual  acres  which  can  be 
plowed  throughout  any  given  month  of  the  plowing  sea- 
son, is  60  per  cent,  and  equipment  was  purchased  on  this 
basis. 

The  author  states  that  if  the  weight  per  inch  of  width 
on  the  drivers  of  a  round  wheeler  exceeds  200  lb.  per  in. 
of  width,  the  tractor  becomes  very  inefficient;  that  the 
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power  consumed  in  rolling  friction  becomes  a  large  per- 
centage of  the  total  developed;  that  in  his  own  tractor, 
by  throwing  all  the  weight  on  the  rear  wheels  by  apply- 
ing full  engine  torque  the  rolling  friction  is  increased 
25  per  cent,  and  that  even  in  a  properly  designed  tractor 
the  normal  rolling  friction  on  fairly  soft  or  plowed 
ground  will  be  up  to  25  per  cent  of  the  total  power  de- 
livered to  the  rim  of  the  wheels.  As  a  matter  of  fact, 
many  of  the  best  known  and  widely  sold  round  wheelers 
have  weights  per  inch  of  width  of  from  250  lb.  with 
wheel  extension  rims,  to  480  lb.  without  rim  extensions, 
so  that  in  general  the  rolling  friction  may  be  expected  to 
exceed  greatly  the  figures  just  given.  The  author  then 
proceeds  to  say  that  if  it  were  not  for  the  complication 
and  high  maintenance  cost  of  the  tracklayer  or  cater- 
pillar type,  such  a  machine  might  be  of  some  use,  some- 
where, say  on  soft  ground,  for  instance.  At  this  point 
it  may  be  properly  asked,  how  many  times  in  the  career 
of  a  farm  tractor  is  it  operated  over  such  ideal  surfaces 
as  those  described  in  the  author's  paper  as  hard  mac- 
adam, dry  short  clover  or  sod?  Just  once,  while  the 
farmer  is  breaking  up  his  new  prairie  sod  or  old  graz- 
ing land.  For  the  rest  of  its  life  on  that  farm  it  is  op- 
erating over  land  which  has  already  been  plowed,  har- 
rowed and  disked,  or  on  com  or  wheat  stubble  or  po- 
tato fields,  which  are  just  about  as  soft  and  powdery  as 
good  farming  methods  can  make  them.  In  other  words, 
why  discuss  the  performance  of  a  round  wheeler  on  hard 
ground  when  99  per  cent  of  its  work  must  be,  and  is,  done 
on  soft  ground  with  an  admitted  power  loss,  in  addition 
to  all  other  mechanical  losses,  right  at  the  rim  of  the 
wheel  of  from  25  to  100  per  cent  of  its  full  rated  output? 
Many  and  many  a  time  I  have  operated  60-hp.  round 
wheelers  over  plowed  ground  in  hard  clods,  with  a  load 
of  50  ft.  of  heavy  spike-toothed  harrows,  and  upon 
coming  to  a  part  of  the  field  where  there  was  a  genuine 
mulch,  thereby  imposing  a  much  lighter  load  on  the 
harrows,  but  also  removing  all  semblance  of  adhesion 
between  the  rim  of  the  drivers  and  mother  earth,  found 
further  progress  impossible;  the  drivers  simply  slipping 
and  digging  holes  in  which  they  would  soon  bury 
themselves  if  the  power  were  not  shut  off.  The  author 
states  that  the  overall  efficiency,  or  the  ratio  of  the 
engine  horsepower  to  the  drawbar  horsepower,  has  never 
been  less  than  65  per  cent  in  cases  under  his  observation. 
The  above  case  of  harrowing  is  simply  cited  as  one  in- 
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stance  out  of  a  dozen  situations  occurring  daily  in  farm- 
ing operations  of  any  magnitude,  in  which  the  overall 
eflSciency  is  absolutely  zero. 

Now  what  are  the  losses  in,  and  what  will  a  tracklayer 
do  on  loose  farm  soil?  The  only  definite  comparison 
available  at  this  moment  is  a  test  made  by  hauling  a  75- 
hp.  caterpillar,  weighing  26,000  lb.,  at  a  speed  of  2% 
miles  per  hr.  on  hard  packed  snow.  The  drawbar  pull 
required  was  1800  lb.  This  is  equivalent  to  approxi- 
mately 11  hp.,  or  14.7  per  cent  of  the  rated  horsepower  of 
the  tractor,  or  an  overall  efficiency  of  85  per  cent,  against 
the  65  per  cent  above  referred  to.  Of  course,  there  is  an 
error  here  to  the  extent  of  the  additional  losses  occurring 
in  the  transmission  members  when  they  are  under  full 
engine  load,  instead  of  running  idle.  The  value  of  this 
additional  loss  has  not  been  determined.  A  caterpillar 
running  over  a  plowed  field  will  leave  as  the  only  indica- 
tion of  its  passage  a  series  of  splashes  of  powdered  earth, 
representing  former  clods  lying  on  the  top  of  the  ground, 
and  which,  having  too  large  an  area  to  be  depressed 
quickly  to  the  general  surface  level,  are  crushed.  There 
is  positively  no  rolling  down  of  the  ground  in  a  pair  of 
tracks  from  2  to  6  in.  deep,  or  more,  as  is  always  the 
case  with  the  wheel  type. 

The  author  states  that  on  sandy  ground  the  maximum 
coefficient  of  adhesion  will  be  about  80  per  cent.  The 
detailed  specifications  of  "sandy  ground"  are  not  given, 
but  since  in  sand  the  adhesion  of  a  round  wheeler  is  from 
nothing  to  5  per  cent,  this  maximum  is  open  to  discussion, 
as  is  also  43  per  cent  for  damp  sandy  ground.  On  a  test 
made  with  a  caterpillar  weighing  7000  lb.  and  having  a 
ground  pressure  of  5  1/3  lb.  per  sq.  in.,  less  than  that 
under  a  horse's  hoof,  the  tracks  were  locked  by  a  brake 
and  the  tractor  was  then  towed  by  another  machine.  The 
average  coefficient  of  adhesion  was  found  to  be  about  670 
lb.  per  sq.  ft.  of  track  surface,  or  87.2  per  cent  of  the 
weight  of  the  tractor.  This  varied  from  50  to  100  per  cent, 
the  lowest  being  on  wet,  slippery  clay  roads  and  the  high- 
est on  good,  hard  sod.  Dynamometer  tests  with  a  120- 
hp.  tractor  weighing  28,000  lb.  indicated  a  sustained 
drawbar  pull  of  15,000  lb.,  or  a  coefficient  of  adhesion  of 
55%  per  cent,  on  a  field  covered  with  hard  packed  snow. 

The  author  states  that  few  machines  in  this  country 
are  proportioned  in  such  a  way  that  the  full  engine  power 
can  be  applied  on  low  gear  without  taking  the  front  of 
the  tractor  off  the  ground,  which  interferes  with  steer- 
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ing,  is  dangerous  and  prevents  full  utilization  of 
the  available  power.  In  this  connection  the  following 
test  of  a  caterpillar  may  be  of  interest.  A  gun  mount 
weighing  65,000  lb.  was  hauled  up  a  grade  of  43  deg., 
the  drawbar  pull  and  the  weight  of  the  tractor  indicating 
a  coefficient  of  adhesion  of  93^  per  cent,  the  surface 
being  dry  clay  loam.  This  considers  the  angle  of  in- 
clination to  the  horizontal,  for  on  this  hill  the  track 
pressure  normal  to  the  ground  was  only  8.05  lb.  per  sq. 
in.,  against  11  lb.  per  sq.  in.  with  the  tractor  on  the  level. 
In  regard  to  lifting  the  front  wheel  of  a  tractor  off  the 
ground,  thus  making  it  impossible  to  steer,  many  track- 
layers are  now  built  without  any  front  wheels  at  all, 
steering  being  effected  by  clutches  on  each  track  drive 
sprocket,  and  even  if  they  have  a  front  wheel  they  can 
be  steered  while  the  wheel  is  in  the  air  by  these  clutches. 

Thus  it  would  seem  that  the  track  layer  or  caterpillar 
type  is  not  only  superior  to  the  round  wheeler  in  every 
one  of  the  features  discussed,  viz.,  coefficient  of  adhesion, 
overall  efficiency,  and  greater  ratio  of  engine  horsepower 
to  available  drawbar  pull,  but  that  it  will  actually  de- 
liver drawbar  pull  on  soft  ground,  which,  after  all,  is 
really  the  only  ground  with  which  the  farmer  is  con- 
cerned in  practice,  and  in  which  the  round  wheeler,  un- 
less habitually  and  woefully  underloaded,  will  actually 
stall,  and  have  to  be  dug  out. 

A  Member: — What  experiments  are  you  conducting  in 
regard  to  a  big  caterpillar  design  paddle-wheel  tractor? 

Mr.  Hewitt: — I  have  conducted  very  extensive  experi- 
ments on  the  design  of  lugs  and  grouters  of  various 
kinds,  and  I  find  that  the  amount  of  pull  which  will  be 
added  by  any  devices  of  this  kind  depends  on  the  shearing 
coefficient  of  the  soil  below  the  edge  of  the  grouter.  Some 
soils  have  a  high  coefficient  and  others  a  lower  one.  In 
sand  you  will  get  practically  no  added  pull.  There  are 
<;ases  where  the  very  shallow  grouters  are  more  efficient 
than  the  deep  ones,  because  if  you  do  not  cut  off  the  root 
at  the  bottom  of  the  sod,  and  your  grouter  goes  into  the 
sod,  it  will  pull  more  than  if  it  simply  goes  down  below 
it.  The  clearing  of  the  lugs  was  very  interesting,  because 
I  found  that  a  lug  set  at  an  angle  of  about  30  deg.  and 
inclined  upward  about  the  same  angle  would  practically 
clear  itself  under  all  conditions.  The  reason  for  that  is 
that  there  is  a  slight  sliding  action  due  to  the  pull  on  the 
lug,  and  the  grouter  being  inclined  this  way  enters  the 
ground  fiat,  and  as  it  leaves  its  position  is  almost  vertical. 
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I  also  found  that  it  was  possible  to  put  a  steel  rim  around 
the  wheel  1  in.  higher  than  the  top  of  the  lugs  and  run 
on  that  steel  rim  on  the  macadam  road  and  not  damage 
the  road  at  all.  That  added  very  much  to  the  operation 
of  the  machine.  We  can  run  on  the  road  at  any  time, 
and  the  lugs  do  not  touch  by  1  in. 

F.  C.  Goldsmith: — Have  you  ever  conducted  any  ex- 
periments to  determine  the  percentage  of  loss?  In  a 
paddle-wheel  type  you  would  expect  a  larger  loss. 

Mb.  Hewitt: — I  think  there  is  a  larger  loss,  especially 
in  sticky  soil  and  wet  soil. 

B.  S.  Ppeifper: — Did  you  find  any  difficulty  in  your 
tests  when  you  ran  on  the  top  curve,  with  the  caterpillar 
type  tractor? 

Me.  Hewitt: — No,  it  is  practically  the  same  thing  in 
the  caterpillar,  and  a  wheel  twice  as  large  in  diameter 
will  give  you  about  twice  as  good  results  as  one  about 
half  the  size.  The  caterpillar  being  flat,  gives  you  a 
much  larger  surface,  but  with  a  6-ft.  wheel  we  get  about 
20  in.  in  contact  multiplied  by  the  width. 

Mr.  Ppeifper: — Would  not  that  pressure  remain  about 
the  same — would  it  not  be  a  flatter  curve? 

Mr.  Hewitt: — It  might  be.  The  caterpillar  I  used  had 
only  a  narrow  track  about  6^  in.  wide,  and  the 
weight  per  inch  was  pretty  high  on  it.  It  was  not  a 
very  good  design  of  machine. 

Dent  Parrett: — From  the  practical  standpoint,  in 
the  first  place,  there  is  a  very  small  percentage  of 
work  done  on  ground  within  24  hf.  after  it  is  plowed; 
either  the  ground  is  harrowed  at  the  time  it  is  plowed 
or  else  the  disking  or  harrowing  operation  takes 
place  long  enough  after  the  plowing  so  that  in  most 
cases  a  crust  is  formed  on  the  ground  and  the  weight- 
carrying  capacity  of  a  wheel  is  not  in  direct  proportion  to 
its  width.  In  other  words,  it  takes  a  certain  effort  to 
break  down  the  crust.  Therefore,  a  narrower  wheel  will 
carry  a  higher  proportion  of  load  per  inch  of  weight  than 
a  wide  one.  Another  factor  which  comes  in  is  that  it 
takes  a  certain  amount  of  pressure  to  push  each  lug  into 
the  ground,  and  a  tractor  wheel  equipped  with  grouters 
would  have  a  greater  weight-carrying  capacity  than  a 
plain  wheel  would. 

I  had  a  report  from  Texas  which  showed  that  a  three- 
bottom  outfit  plowed  280  acres  of  land  in  40  days.  They 
were  not  in  the  field  over  10  hr.  a  day  and  in  that  time 
the  tractor  was  oiled  and  cared  for.    There  were  prac- 
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tically  no  repairs.  This  may  be  a  little  higher  than  aver- 
age results,  but  it  shows  what  can  be  done  on  a  farm 
where  the  tractor  is  properly  operated  in  an  aggressive 
way. 

Major  L.  W.  Chase:— I  have  found  in  the  Central 
West  that  farmers  do  not  care  so  much  about  the  cost 
of  work  as  the  opportunity  to  get  their  work  done 
quickly  and  at  the  proper  time.  One  big  farmer  in  Ne- 
braska who,  due  to  the  use  of  tractors,  has  been  able  to 
reduce  the  number  of  his  horses  from  sixty  to  eighteen, 
made  the  statement  that  by  plowing  at  the  proper 
time  with  tractors  he  could  get  5  bu.  more  wheat  per 
acre  than  he  would  if  he  let  his  plowing  drag  along 
through  the  season;  and  because  of  that  he  has  pur- 
chased a  third  large  tractor.  Plowing  is  not  all  of  the 
farm  operation  today ;  it  is  one  around  which  we  talk  be- 
cause it  is  one  point  that  we  can  get  down  to  figures  on, 
but  there  are  many  operations  that  the  tractor  will  do, 
and  do  more  quickly  and  often  more  cheaply  than  horses. 
One  illustration  is  that  farmers  can  haul  manure  with  an 
ordinary  three  or  four-bottom  tractor  as  cheaply  as  they 
can  haul  it  with  horses.  This  was  before  war  conditions. 
During  the  war  the  tractor  has  entirely  superseded 
the  horse  as  to  cost  of  many  operations. 

It  is  ordinarily  expected  that  a  tractor  should  run  on 
about  2  gal.  of  kerosene  per  acre.  But  fuel  consump- 
tion is  not  the  deciding  factor.  It  is  believed  that  the 
farmer  wants  a  tractor  that  will  do  all  kinds  of  opera- 
tions and  that  do  them  at  least  100  days  per  year  and 
for  several  years,  even  at  the  cost  of  more  fuel. 

In  these  tests  of  wheels,  I  understand  a  trailer  was 
used.  What  would  be  the  effect  as  to  rolling  friction  if 
they  were  tractor  wheels?  What  is  the  relation  between 
the  trailer  wheel  and  the  tractor  wheel? 

Mr.  Hewitt: — I  think  the  tractor  wheel  would  act  ex- 
actly the  same  as  the  trailer  wheel. 

Major  Chase: — I  have  understood  that  the  tractor 
wheel  is  different  from  the  trailer  wheel  in  that  it  comes 
in  contact  with  the  surface  of  the  ground  on  the  front 
half  of  the  wheel  only,  while  the  trailer  wheel  has  a  cer- 
tain percentage  of  contact  behind  the  line  that  passes 
vertically  through  the  center  of  the  wheel.  This  was  the 
result  of  some  investigation  that  Professor  Seaton 
started  to  conduct  at  one  time,  and  I  have  by  observa- 
tion in  the  various  tractor  tests  noted  the  same  condi- 
tion.   It  was  because  of  this  that  I  felt  there  would  be  a 
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difference  in  the  rolling  resistance  between  a  tractor 
and  a  trailer  wheel. 

Another  point  touched  upon  in  the  paper  is  the  matter 
of  the  length  of  lugs  or  grouters,  and  Mr.  Hewitt  even 
speaks  of  the  smooth  wheel  A  smooth  wheel  might  do 
fairly  well  under  ideal  conditions,  but  you  all  know  that 
when  you  take  your  automobile  out  and  start  to  church 
on  Sunday,  it  takes  only  about  2  rods  in  a  mud  hole  to 
put  the  car  out  of  commission.  Now  it  is  the  same  thing 
with  the  tractor;  it  takes  only  about  10  ft.  of  hard  sur- 
face with  a  little  slippery  mud  on  top  of  it  to  cause  the 
wheels  to  slip.  For  that  reason  I  feel  that  the  paper  is  a 
trifle  misleading;  you  cannot  under  any  circumstances 
get  along  on  farms  without  grouters  of  some  kind. 

Mr.  Hewitt  spoke  about  the  load  per  inch  of  weight 
being  a  direct  function  of  the  drawbar  pull  of  the  wheel. 
Does  not  the  diameter  of  the  wheel  also  introduce  a  func- 
tion, which  is  not  stated? 

Mr.  Hewitt: — It  works  directly  as  the  diameter. 

Mr.  Goldsmith: — I  regret  very  much  that  the  kind 
of  soil  upon  which  the  tests  of  the  friction  of  the  wheel 
on  the  ground  were  made  is  not  stated.  It  seems  to  me, 
from  what  I  have  seen  at  the  show,  that  most  manufac- 
turers have  very  long  cleats.  If  the  conclusions  drawn 
by  the  author  are  true,  the  shear  is  entirely  at  the  bottom 
of  the  cleat  and  a  ^/2-in.  cleat  would  be  as  good  as  a  8  or 
6-in.  one. 

E.  A.  Johnston  : — The  experience  of  tractor  manufac- 
turers is  that  if  you  supply  tractors  in  many  different 
portions  of  the  world  you  will  be  compelled  to  supply 
many  different  forms  of  cleat  and  many  different  widths 
of  tire.  The  number  of  pounds  per  inch  of  tire  varies 
greatly  with  the  conditions  under  which  the  tractor 
operates.  There  are  a  great  many  things  to  consider, 
including  the  road  laws  of  different  countries. 
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AUTOMOTIVE    APPLICATIONS    OF 
MARINE  ENGINES  IN  THE  WAR 

By  George  F.  Crouch^ 

THE  application  of  the  marine  intemal-combustion 
ensrine  to  the  British  ML  class  of  SO-footers  and 
to  the  American  llO-ft  class  of  submarine  chasers, 
undoubtedly  constituted  the  most  important  develop- 
ment along  this  line  of  automotive  work.  With  a  hull 
form  simrlar  to  that  of  an  enlarged  runabout,  driven 
by  a  pair  of  six-cylinder  Standard  marine  engines 
rated  at  220  b.-hp.  at  460  r.p.m.,  the  boats  of  the  ML 
class  averaged  about  20  knots.  A  total  of  720  boats 
of  this  type  were  built  and  the  class  as  a  whole  proved 
very  satisfactory. 

In  the  development  of  the  110-ft.  SC  class,  the  re- 
quirement of  seaworthiness  was  made  of  greater 
importance  than  speed.  Each  boat  carried  three  six- 
cylinder  Standard  engines  identical  with  those  used 
in  the  British  boats,  driving  them  at  about  17  knots. 
Although  rather  uncomfortable,  as  in  the  case  of  any 
small  vessel,  the  110-ft.  boats  proved  wonderfully  suc- 
cessful in  heavy  weather;  about  450  of  this  class  were 
built. 

The  220-b.-hp.  engines  have  six  cylinders  of  10-in. 
bore  and  11-in.  stroke.  They  are  started  by  air  and 
are  of  the  direct  reversing  type.  Many  unique  fea- 
tures are  found  in  their  construction.  Some  idea  of 
the  magnitude  of  the  undertaking  is  given  by  noting 
that  the  total  of  700,000  b.-hp.  built  during  a  little 
over  three  years  would  be  sufficient  to  drive  twenty- 
five  large  super-dreadnaughts  of  the  Arkansas  class. 

The  object  of  this  paper  is  to  present  to  the  Society 
a  description  of  a  few  of  the  boats  and  engines  which 
have  been  of  service  to  the  Allies  and  to  the  United 
States  during  the  war  and  to  draw  conclusions  as  to  the 
effect  of  the  experience  gained  with  these  boats  on  the 
design  of  hulls  and  engines  for  general  marine  use. 

The  British  M  L  Class  - 

When  it  became  apparent  that  the  submarine  offensive 
was  a  large  part  of  the  German  plan,  the  British  naval 
authorities  decided  that  one  of  the  most  effective  de- 
fensive measures  consisted  of  a  large  fleet  of  small  motor 
boats  of  good  speed  and  seagoing  qualities,  which  could 
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search  out  the  submarine  and  destroy  it  with  depth 
b'ombs.  For  the  amount  of  money  expended,  this  scheme 
would  provide  a  patrol  over  an  immense  sea  area  and 
because  of  their  shallow  draft  the  boats  would  be  immune 
from  torpedo  attacks. 

Plans  submitted  by  American  manufacturers  were  ap- 
proved and  the  work  of  construction  started.  Within  488 
days  one  American  company  delivered  the  entire  order  of 
550  of  these  boats  to  the  British  Government,  and  addi- 
tional orders  from  other  Allied  nations  have  since  brought 
the  total  up  to  about  720  boats  built  by  them  to  this  de- 
sign. 

Their  remarkable  success  in  hunting  the  submarine  and 
in  working  in  conjunction  with  the  larger  naval  ves- 
sels has  been  even  more  surprising  to  those  of  us  who 
have  followed  motor  boat  work  than  to  the  uninitiated. 
It  is  not  my  intention  to  go  into  the  details  of  the  part 
these  boats  played,  for  that  can  be  found  in  many  stories 
already  in  print,  but  I  cannot  refrain  from  mentioning 
that  they  had  a  big  share  in  the  marvelous  exploits  of 
the  British  Navy  against  the  submarine  bases  of  Ostend 
and  Zeebrugge. 

DETAILS  OF  THB  M  L  CLASS 

General  Dimensions — 

Length  overall   79  ft,    7  in. 

Length  on  water-line  78  ft.   9  in. 

Extreme  beam  over  guards 12  ft.    5  in. 

Beam  on  deck  . . . .' ^ 12  ft.    1  in. 

Draught  to  bottom  of  deadwood 3  ft.    1  in. 

Full-load  displacement   78,000  lb. 

Construction  The  hulls  are  lightly  built,  but  are  elas- 
tic and  strong.  In  estimating  their  strength  it  must  be 
remembered  that  the  strength  of  small  wooden  vessels 
depends  more  upon  their  fastenings  and  the  accuracy 
with  which  the  parts  are  fitted  than  on  the  use  of  large 
and  heavy  parts.  To  speed  up  construction,  every  piece 
of  wood  in  the  hull  was  drawn  out  in  detail  and  prepared 
in  advance  of  the  time  it  was  required  on  the  boat. 

Principal  Scantlings 

Planking,  yellow  pine  1%  in.  thick 

Frames,  white  oak  steam-bent,  1%  in.  sided  by  1%  m. 
molded,  spaced  12  in.  center  to  center.  Heavy  frames 
at  bulkheads,  white  oak,  2^  by  2^  in. 
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Deck  planking,  Oregon  pine  laid  in  strips  2%  in.  wide 

by  1%  in.  thick 
Deck  beams,  white  oak  ^ided  1%  in.,  molded  2^  in. 
Keel,  white  oak  sided  4  in. 
Keelson,  yellow  pine  4  by  5  in. 
Floors,  galvanized  wrought  iron  1^  ft.  wide,   %   in. 

thick  at  center  tapered  to  %  in.  at  ends 
Knees  connecting  frames  to  beams,  wrought  steel  %  by 

8  in. 
Upper  clamp,  yellow  pine  1%  by  4%  in. 
Main  clamp,  yellow  pine  1^  by  5^  in. 
Hogging  clamp,  yellow  pine  1^  by  5%  in. 
Side  keelson,  yellow  pine  1%  by  6^  in. 
Bilge  stringer,  yellow  pine  1%  by  4%  in. 
Six  steel  bulkheads  about  %  in.  thick  placed  at  frames 

Nos.  6,  26,  40,  47,  52  and  71 

The  steel  bulkheads  at  the  ends  of  the  gasoline  tank 
compartments  are  made  gasoline-tight  by  careful  work- 
manship and  the  use  of  a  special  paint  composed  of  lith- 
arge, glycerine  and  shellac. 

The  outboard  profile  and  arrangement  plans  of  this 
class  are  shown.  It  will  be  npticed  that  the  difference  in 
appearance  between  one  of  these  boats  and  a  modem  ex- 
press cruiser  of  about  the  same  size  and  power,  is  slight, 
except  for  the  long  fore  deck  of  the  M  L  class,  which  is 
kept  clear  of  all  obstructions  to  give  a  wide  angle  of  fire 
to  the  short  caliber  13-pounder  gun  mounted  just  ahead 
of  the  low  chart-house  over  the  midship  fuel  tanks.  This 
gun  is  not  shovni  in  the  plan,  and  it  may  be  noted  that  in 
the  later  boats  it  was  found  necessary  to  build  up  a 
permanent  shelter  for  the  helinsman  just  aft  of  the  trunk. 

The  line  drawing  is  also  reproduced.  In  form  these 
boats  are  nothing  more  than  big  runabouts.  In  fact,  if 
the  scale  were  changed  to  give  a  length  of  about  35  ft., 
they  would  have  not  only  the  proper  proportions,  but 
about  the  correct  displacement  for  a  high-speed  runabout 
of  that  size.  The  wide,  fiat  transom,  deeply  immersed 
when  the  boat  is  at  rest,  produces  a  form  of  small  re- 
sistance at  high  speed,  but  creates  a  big  wave  at  slow 
speed.  The  bow  lines  are  long  and  fine.  This  combina- 
tion of  wide  stern  and  fine  bow  has  never  been  considered 
a  desirable  type  for  outside  work  in  heavy  weather,  but 
the  results  in  this  case  have  been  surprisingly  good. 
Irvin  Chase,  the  naval  architect  who  designed  the  boat, 
was  forced  to  use  this  form  because  of  the  high  speed 
for  the  power  demanded  by  the  British  Government.  An- 
other form,  perhaps  a  more  conventional  seagoing  type, 
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would  have  demanded  increased  pov^er  and  reduced  the 
radius  of  action  of  the  boats  materially.  Considering 
the  restrictions  imposed  by  these  requirements,  there  was 
no  possibility  of  using  any  other  type,  and  although  the 
boats  are  very  uncomfortable  in  a  heavy  sea,  which  is  true 
of  any  small  craft  no  matter  what  its  model,  not  one  of 
the  class  has  been  lost  through  stress  of  weather. 

Armament  The  armament  consists  of  a  short  caliber, 
26-in.  recoil,  13-pounder  gun  mounted  on  the  fore  deck, 
four  or  five  depth  bombs  charged  with  250  lb.  of  TNT,  16- 
Ib.  lance  bombs  and  two  machine  guns.  Recoil  pressures 
are  kept  down  in  the  13-pounder  by  using  a  low  muzzle 
velocity  and  an  unusually  long  recoil.  The  depth  bombs 
are  dropped  off  the  stem  by  a  releasing  apparatus. 

Machinery  The  powerplant  consists  of  a  twin-screw 
installation  of  two  six-cylinder,  four-cycle,  air-starting 
and  reversing  Standard  engines  having  cylinders  of  10- 
in.  bore  and  11-in.  stroke.  These  engines,  which  are  rated 
by  the  builder  at  220  hp.  at  460  r.p.m.,  are  directly  con- 
nected to  the  three-blade  propellers,  42  in.  in  diameter 
by  63-in.  pitch. 

An  auxiliary  set  includes  an  air  compressor,  a  4^/^-kw. 
generator  and  a  bilge  and  fire  pump.  The  two  power 
cylinders  of  the  auxiliary  engine  are  4y2-in.  bore  by  4^- 
in.  stroke,  and  have  the  air  compressor  cylinder  between 
them.  The  fire  and  bilge  pump  has  a  capacity  of  about 
50  gal.  per  min.,  and  can  be  thrown  in  and  out  of  action 
by  a  gear  working  in  an  eccentric  mounting. 

Gasoline  is  stored  in  built-in  tanks  in  a  compart- 
ment ahead  of  the  engine-room  and  also  in  a  smaller 
compartment  at  the  extreme  stem.  The  total  capacity  of 
the  tanks  is  2100  gal.,  giving  a  radius  of  action  of  750 
nautical  miles  at  19  knots,  and  1000  nautical  miles  at  15 
knots. 

The  maximum  speed  obtained  on  trial  varied  with  the 
different  boats  from  about  19^  knots  to  almost  21  knots, 
due  to  the  variation  in  the  engines  and  to  the  depth  of 
water  on  the  courses  over  which  the  trials  were  run. 

The  IIO-Ft.  S  C  Class 

Early  in  1917,  when  war  with  Germany  became  In- 
evitable, the  Navy  Department  began  to  prepare  for  a 
great  fieet  of  submarine  chasers.  Many  boats  were  taken 
over  from  private  owners,  and,  although  they  did  good 
work,  it  was  soon  realized  that  they  were  hardly  a  suit- 
able type  for  the  purpose.    The  Navy  Department  ob- 
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tained  the  services  of  A.  Loring  Swasey,  later  Lieut.- 
Commander,.  a  Boston  naval  architect  responsible  for 
many  of  the  best  of  the  privately  owned  motor  yachts, 
and,  working  in  conjunction  with  the  Bureau  of  Con- 
struction and  Repair  of  the  Navy  Department,  he  pro- 
duced the  design  of  the  110-ft.  S  C  class. 

With  the  results  of  the  M  L  class  as  a  guide,  the  S  Cs 
were  given  a  length  of  110  ft.,  which  was  considered  the 
maximum  for  which  stock  engines  could  be  obtained  in 
requisite  quantity.  Then,  too,  it  was  decided  that  this 
length  was  about  as  great  as  the  average  boat-building 
yards  could  handle.  Steel  was  out  of  the  question  as  a 
material  for  construction  because  of  the  demand  for  large 
steel  ships,  which  took  all  the  available  supply  and  filled 
all  the  steel  shipyards.  The  first  contracts  were  let  April 
16,  1917,  and  since  this  first  order  of  a  few  more  than 
350  boats  there  have  been  smaller  repeat  orders,  making 
the  total  of  this  class  about  450.  Contracts  were  placed 
all  over  the  country,  some  even  on  the  Pacific  coast, 
whence  the  boats  when  completed  were  brought  around 
through  the  Panama  Canal.  It  is  gratifying  to  the  motor 
boat  industry  to  know  that  the  Navy  Department  realizes 
how  these  contracts  were  carried  out. 

Since  the  armistice  was  signed  many  stories  of  these 
boats  have  found  their  way  into  print,  and  even  the 
worst  grumblers  admit  that  they  did  more  than  their 
share.  We  have  the  statement  of  Secretary  of  the  Navy 
Daniels  that  the  S  C  vessels  accounted  for  40  per  cent  of 
the  total  number  of  submarines  destroyed  by  the  Navy; 
the  fleet  of  converted  yachts  is  credited  with  30  per  cent 
and  the  destroyers  with  20  per  cent.  The  chasers  were 
out  with  the  battleship  fleet  in  the  worst  weather  ex- 
perienced in  years  and  came  through  in  fine  style.  About 
235  of  them  have  crossed  the  Atlantic,  and  it  has  been 
found  that  they  do  much  better  under  their  own  power 
than  when  towed  by  a  consort.  One  of  them,  which  had 
been  sold  to  France,  went  into  port  under  a  makeshift 
sail  of  blankets  rigged  on  her  mast,  after  having  been 
separated  from  her  convoy  in  a  heavy  storm.  She  had 
run  out  of  gasoline  and  oil  and  was  39  days  in  reaching 
port,  but  made  it  safely.  The  boats  have  been  tested  in 
every  conceivable  manner,  and  in  every  case  have  made 
good.  In  all  the  immense  shipbuilding,  aircraft  and  tank 
program,  nothing  has  come  closer  to  fulfilling  every  ex- 
pectation than  this  S  C  class  of  110-footers. 

Construction  The  hulls  are  substantially  built,  the  ma- 
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terial  being  of  liberal  size.  There  has  been  no  attempt 
to  cut  down  weight  but  rather  to  produce  a  boat  that 
can  stand  up  to  any  sea.  In  general,  the  construction  is 
heavier  than  on  yachts  of  the  same  size  and  power. 

DETAILS  OP  THE  110-PT.  S  C  CLASS 

General  Dimensions 

Length  overall  110  ft. 

Length  on  designed  load  water-line  . .  105  ft. 

Extreme  beam  over  guards 15  ft.     4%  in. 

Beam  to  outside  of  planking 14  ft.     8%  in. 

Draught  to  bottom  of  deadwood 5  ft.    11      in. 

Displacement,  full-load,  about 75  tons 

Prindpal  Scantlings 

Planking,  yellow  pine  1%  in.  thick 

Frames,  white  oak  steam-bent,  sided  2^   in.,  molded 

3  in.,  spaced  12  in.  center  to  center.  Heavy  frames  at 

bulkheads  and  at  points  where  special  strength  is 

needed  4  in.  sided  by  3  in.  molded 
Deck  planking,  Oregon  pine  laid  straight  fore-and-aft 

in  pieces  1%  in.  thick  and  3  in.  wide 
Keel,  yellow  pine  sided  7  in.,  depth  according  to  plans 
Keel  battens,  white  oak  sided  9  in.  by  8  in.  molded 
Floors,  white  oak  regular  floors  on  every  frame  2  in. 

thick;  heavy  floors  in  engine  space  and  under  gun 

foundations  3^  in.  thick 
Upper  clamp,  yellow  pine  3^  by  3%  in. 
Main  clamp,  yellow  pine  2%  by  4%  in. 
Hogging  clamp,  yellow  pine  2  by  8  in. 
Six  steel  bulkheads  about  7%  lb.  per  sq.  ft.  on  frames 

Nos.  10,  33,  37,  53,  74  and  78 

The  outboard  and  inboard  profiles  of  these  boats  is 
shown,  as  well  as  the  deck  and  general  arrangement.  The 
forecastle  is  roomy  and  comfortable  for  a  small  boat,  and 
is  heated  by  a  stove.  This  stove  does  more  to  make  the 
crew  comfortable  than  any  one  other  item  of  equipment. 
Notice  the  wireless  room  on  the  starboard  side  over  the 
gasoline  tanks.  The  floor  over  the  tanks  is  supposed 
to  be  vapor-tight,  but  the  loss  of  one  of  these  boats  by 
an  explosion  caused  by  a  wireless  spark  while  takihg  on 
fuel  confirmed  the  general  belief  that  the  gasoline  tanks 
and  the  wireless  should  be  kept  as  far  apart  as  con- 
venient arrangement  will  permit.  Forced-draft  blowers, 
driven  by  electric  motors,  ventilate  the  forecastle  and  the 
engine   room   when   the   hatches   are  closed   in   heavy 
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weather.  The  galley  is  of 
ample  size  and  very  fully 
equipped,  and  the  helsman 
is  well  protected  from  the 
sea.  Taken  as  a  whole, 
there  has  been  some  appre- 
ciation of  what  a  few  com- 
forts mean  to  the  efficiency 
of  the  crew  of  such  a  boat. 
Comfort  is  comparative, 
however,  and  the  landsman 
would  consider  the  life  very 
hard  until  inured  to  it.   The 

boats  carry  a  crew  of  two  g 

officers  and  twenty-four  men.  » 

The   line   drawing   repro-  ^ 

duced  is  not  an  official  plan,  | 

but  is  a  close  approximation  % 

to  the  form.    The  lines  show  S 

a  form  which  all  experienced  02 

men  will  immediately  accept  ^ 

as  an  excellent  one  for  sea  ^ 

work.     The  water-line  for-  ^1 

ward  is  fuller  than  in  the  g 

M  Ls  and  the  stem  much  z 

finer.     All  sections  show  a  ^ 

sharp  rise  of  floor,  which  be-  « 

comes  even  sharper  at  the  S 

ends.    At  the  stem  there  is  ^ 

a  transom  much  like  that  of 
a  dory  in  shape.  The  heavy 
weights  of  the  machinery, 
fuel  and  armament  are  kept 
well  in  toward  the  center  of 
the  length,  so  that  the  bow 
can  rise  easily  and  quickly 
to  the  sea.  Owing  to  the 
fine  lines  of  the  after  body, 
there  is  a  tendency  for  the 
boat  to  "squat"  at  top  speed. 

Armament  The  armament 
consists  of  a  3-in.  Poole 
gun  of  23  calibers,  having  a 
28-in.  recoil,  mounted  on  the 
fore  deck,  two  machine  guns 
mounted   on   the   wings    of 
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the  bridge  and  a  depth  charge  projector,  commonly  called 
a  Y-gun,  on  the  after-deck.  Six  depth  bombs  containing 
300  lb.  of  TNT  are  carried.  The  S-in.  gun  is  much  the 
same  as  that  used  on  the  British  M  Ls  and  can  be  con- 


AiB  Compressor 


verted  into  an  anti-aircraft  gun  if  necessary.  The  Y- 
gun  is  the  unique  feature  of  the  armament.  It  takes  its 
name  from  its  shape,  which  is  exactly  that  of  the  letter 
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Y  with  arms  pointing  out  to  each  side  at  an  angle  of 
about  45  deg.  from  a  common  chamber  at  their  junction. 
This  chamber  is  provided  with  a  breech  mechanism 
which  takes  a  blank  3-in.  shell,  and  when  fired  it  blows 
out  plungers  fitting  into  the  upper  ends  of  the  arms  of 
the  Y.  These  plungers  carry  the  depth  bombs  on  their 
outer  ends,  and  bombs,  plungers  and  all  are  shot  over- 
board. This  device  places  a  charge  on  either  side  of  the 
assumed  position  of  the  submarine,  so  that  one  or  the 
other  of  the  bombs  is  almost  certain  to  "get  it."  All 
horizontal  recoil  is  balanced,  leaving  only  a  downward 
thrust,  which  is  easily  taken  care  of  by  pillaring  under 
the  deck.  The  depth  bomb,  not  the  8-in.  gun,  is  the  real 
weapon  of  the  chaser. 


A  large  measure  of  the  effectiveness  of  the  boats  in 
hunting  out  submarines  was  due  to  remarkable  listening 
devices  by  which  the  sound  of  a  submarine  could  be  de- 
termined and  differentiated  from  that  of  other  ships. 
This  sound  was  located  exactly  in  direction  by  plotting 
the  reports  of  three  boats  in  constant  communication  by 
wireless.  This  device  is  one  of  the  dark  secrets  of  the 
Navy  and  no  details  are  available.  The  use  of  an  en- 
gine which  could  be  stopped  and  started  instant^  con- 
tributed to  the  efficiency  of  the  installation  of  the  device 
on  these  boats. 

Machinery  The  boats  are  driven  by  triple  screws  each 
directly  connected  to  a  six-cylinder  220-hp.,  air-starting 
and  reversing  Standard  engine.  This  is  exactly  the 
same  engine  that  was  used  in  the  British  M  Ls,  and  was 
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already  being  produced  in  quantity  when  our  chaser 
program  was  started.  The  original  propellers  were  three- 
bladed,  86-in.  diameter  by  63-in.  pitch;  later  changed  to 
39-in.  diameter  by  57%-in.  pitch.  Even  these  seem 
small  for  the  power  of  the  engine.  The  center  engine  can 
be  uncoupled  from  its  propeller  shaft  to  allow  the  wheel 
to  turn  without  dragging  when  the  boat  is  cruising  under 
the  two  wing  screws.  The  auxiliary  machinery  set  is  a 
duplicate  of  that  in  the  M  Ls,  previously  described. 

Gasoline  is  carried  in  four  large  shaped  tanks  fitted  in 
the  compartment  forward  of  the  engine  room  under  the 
floor  of  the  officers'  quarters.  The  total  capacity  is  2400 
gal.,  which  gives  a  radius  of  action  of  about  1000  nautical 
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Chart  of  Test  Runs  op  Engines  Used  in  the  United  States 
110-Ft.   Submarine  Chaser 


miles  at  a  cruising  speed  of  12  knots.  The  maximum 
speed  with  all  three  engines  running  is  between  16  and 
17  knots.  About  1^/2  to  1%  knots  more  is  obtained  under 
all  three  engines  than  under  the  two  wing  engines  alone. 

The  220-Hp.  Standard  Engine 

This  engine,  used  on  both  M  Ls  and  S  Cs,  is  a  stock 
model.  In  1904  thirty  small  steel  torpedo  boats  about 
100  ft.  long  were  built  for  the  Russian  Navy  and  were 
powered  with  the  early  model  of  this  engine.  The  present 
model  is  changed  in  some  details,  but  nothing  of  any  ac- 
count has  been  altered  since  that  time.    I  believe  it  is 
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unique  to  find  a  time-tried  stock  machine  used  in  such 
quantities  in  any  Government  work. 

The  job  of  producing  all  these  engines  was  inunense 
even  with  the  best  of  modem  production  methods.  In  a 
little  over  S  yr.  the  Standard  Motor  Construction  Co.  has 
delivered  about  700,000  b.hp.  of  this  model  alone.  That 
is  power  enough  to  drive  twenty-five  of  the  large  super- 
dreadnaughts  such  as  the  Arkansas  and  more  than  will 
be  needed  for  our  proposed  battleship  program  for  the 
next  8  yr.  It  is  only  by  making  such  a  comparison  that 
the  size  of  this  submarine  chaser  undertaking  is  compre- 
hended. 

The  cylinders  are  10-in.  bore  by  11-in.  stroke.  The 
normal  speed  for  which  the  engine  is  designed  is  460 


Dbtail  Asrangbmbnt  or  thb  Vapo&izbr 

r.p.m.  Its  rating  at  this  speed  is  220  b.hp.,  but  the  ac- 
tual power  is  close  to  250.  The  weight  of  the  complete 
engine  is  6800  lb. 

Starting  and  reversing  are  accomplished  by  admitting 
air  through  a  cam-operated  valve  into  a  small  chamber, 
from  which  it  passes  into  the  combustion  chamber  by 
forcing  open  a  spring-loaded  non-return  chedc^valve. 
The  cam-operated  valve  is  timed  to  admit  air  on  the 
regular  working  stroke,  and,  as  it  is  exhausted  on  the 
regular  exhaust  stroke,  it  does  not  interfere  with  the 
suction  or  the  compression  of  the  gasoline-air  mixture. 
If  the  mixture  ignites,  the  resulting  pressure  within  the 
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cylinder  holds  the  check-valve  against  its  seat  and  pre- 
vents the  entrance  of  starting  air,  even  though  the  me- 
chanically operated  air-valve  be  open.  As  soon  as  the 
engine  is  firing  regularly,  the  camshaft  is  shifted  longi- 
tudinally to  running  position,  for  either  the  ahead  or  as- 
tern direction,  and  this  shift  moves  the  air-valve  cams 
out  of  line  with  the  followers.  The  camshaft,  which  op- 
erates the  igniters  and  exhaust  valves,  as  well  as  the  air- 
starting  valves,  is  shifted  longitudinally  by  a  long  lever 
at  the  after  end  of  the  engine.  This  is  shown  in  the* 
neutral  position  for  ahead  or  astern  motion,  thus  bring- 
ing into  operation  entirely  different  sets  of  cams  timed 
to  function  properly  for  the  desired  direction  of  rota- 
tion. 

It  should  be  noted  that  when  the  engine  is  stopped  by 
cutting  off  the  ignition  and  the  camshaft  is  brought  to 
neutral  position  after  having  been  run  in  one  direction, 
it  can  be  started  in  the  reverse  direction  nine  times  out 
of  ten  without  using  any  air,  since  the  shift  of  the  cam- 
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Detail  Arrangement  of  the  Watbr-Cooled  Exhaust  Valve 
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shaft  produces  a  spark  at  the  proper  igniter  if  the  switch 
is  closed  before  the  camshaft  is  shifted.  This  reversing  is 
so  quick  and  pov^erful  that  the  110-ft.  chaser  can  be 


E 

C 


DiAGBAU  or  Circulating  Watbel  Ststbm 

stopped  in  a  couple  of  lengths  when  going  full  speed 
ahead. 

Air  for  starting  and  reversing  is  stored  at  a  pressure 
of  250  lb.  per  sq.  in.  in  cylindrical  steel  tanks,  in  which 
the  desired  pressure  is  maintained  by  a  compressor  at  the 
after  end  of  the  engine. 

Automatic  inlet  valves,  a  type  long  ago  discarded  in 
automobile  work  where  great  speed  range  is  required, 
are  used  on  the  engine.  In  these  slow-speed  engines, 
automatic  valves  function  efficiently,  as  can  be  seen  by 
reference  to  the  low  scale  indicator  card  reproduced. 
These  inlet  valves  have  a  clear  diameter  of  4V^  in.  and 
are  fitted  with  a  piston  on  the  upper  end  of  the  stem 
working  in  a  dashpot  to  prevent  fluttering  and  hammer- 
ing, and  with  a  stiff  bumper  spring  to  limit  the  lift.  It 
may  be  of  interest  to  note  that  the  builder  of  the  engine 
is  about  the  only  builder  of  marine  engines  now  employ- 
ing the  automatic  inlet  valve,  and  this  is  used  only  on 
the  heavy-duty  types. 

The  details  of  the  water-cooled  balanced  exhaust  valves 
are  also  shown.  These  valves  are  lifted  from  their  seats 
by  rocker-arms  acting  on  trunnions  attached  to  the  top 
of  the  valve-stem.  The  rocker-arms  are  actuated  by  puU- 
rods  connected  to  the  cam-followers.  Cooling  water  en- 
ters and  leaves  the  valve  through  the  trunnions,  which 
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are  connected  by  short  lengths  of  rubber  hose  to  the 
supply  and  discharge  pipes.  The  valve  has  a  clear  di- 
ameter of  3^  in.  and  a  lift  of  %  in.  on  the  ahead  motion 
and  Vz  in.  on  the  reverse.  About  90  per  cent  of  the 
pressure  of  the  valve  against  its  seat  is  neutralized  by 
the  balance  piston. 

Make-and -break  low-tension  ignition  is  used.  Current 
for  ignition  when  starting  the  engine  is  taken  from  a 
storage  battery,  and  for  running  is  supplied  by  a  low- 
tension  alternating-current  magneto  driven  by  the  engine. 

Cooling  water  is  taken  from  the  sea  and  is  forced 
through  the  jackets  by  a  large  double-acting  plunger 
pump  mounted  at  the  fore  end  of  the  engine,  driven  at 
one-fourth  crankshaft  speed. 

The  carbureter  is  of  special  construction.  It  will  be 
noticed  that  the  fourteen  spray  nozzles  are  uncovered  in 
sequence  by  a  curved  shutter,  lifted  by  the  vacuum  above 
a  piston  working  in  a  cylinder  which  communicates  vrith 
the  mixing  chamber  by  a  tube.  This  carbureter  is  with- 
out adjustment  other  than  that  obtained  by  changing  the 
weight  to  be  lifted  by  the  piston.  No  float  is  used,  as 
the  gasoline  is  pumped  into  the  bowl  from  a  service  tank 
placed  below  the  carbureter  level  and  the  surplus  de- 
livered to  the  bowl  returns  to  the  tank  through  an  over- 
flow pipe.     The  air  supply  is  not  heated,  but  both  the 
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carbureter  and  the  riser  from  the  carbureter  are  jacketed 
with  hot  water.  For  easier  starting  in  cold  weather  the 
cooling  water  discharge  from  the  small  auxiliary  engine 
can  be  turned  into  these  jackets.    The  main  moving  parts 
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are  lubricated  by  individual  oil  leads  from  a  force-feed 
lubricator,  each  lead  being  set  to  deliver  the  requisite 
amount  of  oil  direct  to  the  part.  Minor  parts  are  oiled 
by  hand  about  once  an  hour.  Approximately  1440  hp.- 
hr.  are  obtained  from  1  gal.  of  lubricating  oil.  Sheet- 
metal  plates  are  fitted  outside  the  steel  column  framing 
to  prevent  oil  from  splashing  around  the  engine  room, 
and  a  sheet-metal  pan  under  the  bed-plate  keeps  the  oil 
out  of 'the  bilge. 

An  indicator  card  taken  at  476  r.p.m.  is  reproduced. 
This  card  is  not  at  all  satisfactory,  as  it  shows  strongly 
the  effect  of  the  inertia  of  the  piston,  pencil  gear  and 
drum  of  the  indicator,  but  it  is  given  as  the  only  one 
available  at  present.  A  maxinium  compression  of  about 
65  lb.  per  sq.  in.  gage  is  obtained  with  a  combustion 
chamber  volume  of  311  cu.  in.,  a  compression  ratio  of 
3.87.  An  analysis  of  this  card  shows  a  volumetric  ef- 
ficiency of  about  85  per  cent  after  allowance  for  inertia 
errors. 

The  results  of  tests  with  a  hydraulic  brake  are  given. 
The  curves  obtained  by  throttling  will  follow  somewhat 
the  same  law  as  if  the  engines  were  connected  directly  to 
the  propellers.  Fuel  consumption  at  full  load  is  ap- 
proximately 0.7  lb.  of  gasoline  per  hp.-hr.,  which  will 
doubtless  seem  high  to  those  who  have  been  working  with 
engines  having  100-lb.  compression  and  over,  but  it  is 
exceedingly  satisfactory  in  actual  service. 

58-Ft.  Italian  Chasers 

A  type  of  boat  entirely  different  from  anything  built 
in  this  country  for  chasing  submarines  is  that  which  the 
Italians  have  used  in  the  Adriatic.  Although  the  hulls 
were  designed  and  built  in  Italy,  the  motive  power  con- 
sists of  a  pair  of  200-hp.  eight-cylinder  Sterling  engines 
made  at  Buffalo,  N.  Y.  The  boats  are  58  ft.  long,  9  ft. 
wide  and  draw  30  in.  The  total  weight  of  the  complete 
boat  with  equipment  is  about  30,000  lb.  To  get  strength 
with  minimum  weight,  the  planking  is  in  three  layers 
with  canvas  between  each.  The  form  of  these  boats  is 
similar  to  a  concave  V-bottom  runabout  with  the  chine 
sweeping  up  forward  to  the  stem  head.  The  concave  of 
the  forward  sections  is  very  pronounced.  They  are  said 
to  make  a  speed  of  26  knots.  The  boats  are  armed  with 
a  small  high-power  gun  forward,  which  can  be  elevated 
for  anti-aircraft  use,  two  machine  guns  aft,  and  a  num- 
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ber  of  mines.  It  has  been  reported  that  it  was  boats  of 
this  class,  carrying  deck  torpedo  tubes,  that  entered  the 
harbor  of  Pola  and  destroyed  two  Austrian  battleships. 

The  Sterling  Engine 

The  engines  in  these  boats  are  in  decided  contrast  to 
the  heavy-duty  type  used  in  our  chasers,  and  in  all  their 
details  approximate  the  heavy  automobile  or  truck  type. 
The  general  arrangement  of  a  six-cylinder  model  of  this 
engine  is  shown.  The  cylinders,  5%-in.  bore  by  6%-in. 
stroke,  are  cast  in  pairs  and  are  of  conventional  T-head 
design,  with  long  water-jackets  extending  to  the  base 
flange.  When  built  for  high-speed  work,  the  engine  de- 
velops 180  hp.  at  1200  r.p.m.,  and  200  hp.  at  1400  r.p.m. 
Its  total  weight,  including  reverse  gear,  electric  starter 
and  generator,  is  2400  lb.  In  sharp  contrast  to  the  open 
construction  of  the  220-hp.  Standard  engines,  this  Ster- 
ling engine  is  entirely  enclosed,  even  to  the  flywheel.  An 
electric  starter  which  engages  with  teeth  cut  in  the  rim 
of  the  flywheel  is  used.  Reversing  is  obtained  by  a 
clutch  and  reverse  gear  housed  in  an  oil-tight  case 
and  lubricated  by  oil  under  pressure  led  through  the  hol- 
low crankshaft.  The  ignition  system  consists  of  a  high- 
tension  dual  two-spark  magneto,  the  plugs  being  placed  in 
water-jacketed  bosses  in  the  cylinder-heads.  Two  car- 
bureters are  used,  each  feeding  a  set  of  four  cylinders. 
All  parts  of  the  engine  are  lubricated  by  a  self-contained 
system  which  forces  oil  under  pressure  through  the  hol- 
low crankshaft  to  all  main  bearings.  The  oil  collecting  in 
the  base  is  cooled  by  a  water-jacket  on  the  bottom  of  the 
sump  and  is  filtered  before  being  again  pumped  to  the 
bearings.  A  counter-balanced  type  of  crankshaft  is 
used.  Fuel  consumption  at  full  power  is  approximately 
0.6  lb.  of  gasoline  per  hp.-hr. 

Other  Boats 

There  are  many  other  craft  which  should  be  included  in 
a  complete  summary  of  the  activities  of  our  marine  en- 
gine and  hull  builders,  but  exact  data  have  not  been  ac- 
cessible on  either  hulls  or  engines.  An  important  fleet  of 
thirty-one  boats  60  ft.  in  length  was  built  by  the  Green- 
port  Basin  &  Construction  Co.  Each  boat  was  powered 
with  three  eight-cylinder  Van  Blerck  engines.  These 
boats  were  of  V-bottom  form  and  were  required  to  exceed 
25  knots  on  trial.    They  were  armed  with  a  Russian  8- 
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pounder  forward  and  two  machine  guns  aft,  and  operated 
against  submarines  in  the  Black  Sea. 

The  engines  were  6-in.  bore  by  6-in.  stroke  with  T-head 
cylinders  cast  in  pairs.  As  they  were  installed  in  the 
boats,  they  delivered  about  165  hp.  each  at  1200  r.p.m. 
The  total  weight,  including  electric  starter  and  reverse 
gear,  was  about  2400  lb.  In  general  characteristics  this 
engine  and  the  200-hp.  Sterling  are  similar. 

Some  Deductions  fbom  Chaseb  Expebience 

With  regard  to  the  hulls,  the  statement  can  be  made 
that  not  one  of  the  types  described  is  suitable  for  com- 
mercial purposes  except  perhaps  a  modified  form  of  the 
110-ft.  S  C  model.  With  added  beam  and  much  less  power 
this  model  would  make  a  splendid  off-shore  fishing  boat, 
as  it  is  essentially  a  seagoing  type.  Each  one  of  the  forms 
described  lends  itself  excellent^  to  conversion  into  pri- 
vately owned  yachts  and  cruisers,  particularly  the  80-ft. 
M  Ls.  Since  speed  was  a  requisite  in  all  these  boats, 
they  carry  more  power  than  is  advisable  even  for  yacht 
work,  and  far  more  than  can  be  used  in  commercial 
craft  for  the  transportation  of  cargo. 

The  horsepower  required  to  propel  a  boat  varies  ap- 
proximately as  the  cube  of  the  speed  and  may  vary  as  the 
fourth,  fifth  or  even  the  sixth  power  of  the  speed,  if  the 
form  is  not  suitable  for  the  speed.  It  requires  as  much 
power  to  get  the  last  1%  knots  in  the  llO-ft  chasers  as 
it  does  the  first  12  knots.  When  cargo  is  to  be  carried 
cheaply  the  speed  must  be  kept  down  as  low  as  the  con- 
ditions of  the  particular  route  and  trade  will  permit. 
The  result  will  be  a  good-sized  boat  of  lower  power,  and 
this  boat  must  have  a  large,  slow-turning  propeller,  since 
no  one  has  produced  or  even  suggested  a  high-speed 
propeller  to  work  efficiently  on  a  big  boat  of  moderate 
speed. 

To  realize  the  advantages  of  lighter  weight,  reduced 
first  cost,  decreased  space  required  and  general  ease  of 
handling  inherent  in  engines  running  between  400  and 
1200  r.p.m.,  some  sort  of  transmission  must  be  used  be- 
tween the  engine  and  the  propeller-shaft.  It  may  be  a 
reduction-gear,  an  electric  drive  or  a  hydraulic  trans- 
former, but  it  is  sure  to  come  into  use  and  rather  soon.. 

With  regard  to  the  engines,  I  believe  that  all  single- 
acting  internal-combustion  engines  for  marine  work,  from 
the  largest  Diesel  to  the  smallest  gasoline  outfit,  should 
have  the  base  closed  in  almost  air-tight,  and  that  a  part 
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of  the  air  supply  to  the  carbureter  should  be  taken  from 
the  base.  The  open-column  construction  is  excellent  if 
well  closed  in»  but  with  even  the  best  of  engines  some 
gas  will  blow  past  the  pistons,  and  smoke  from  the  oil  on 
the  walls  and  on  the  under  side  of  the  piston-head  will 
fill  the  base,  and  unless  this  is  closed  in  and  ventilated 
through  the  carbureter,  will  get  into  the  engine-room. 

The  air  starting  and  reversing  six-cylinder  engine  di- 
rectly connected  to  the  propeller  has  had  many  tests, 
but  never  one  as  severe  as  in  the  English  and  American 
chasers.  It  is  an  unqualified  success.  It  is  a  most  satis- 
factory solution  of  the  starting  problem  and  entirely 
eliminates  the  reverse  gear,  which  becomes  a  cumber- 
some  mechanism  in  large,  heavy-duty  engines. 


POSSIBLE  EFFECT  OF  AIRCRAFT 
ENGINE  DEVELOPMENT  ON  AUTOMO- 
BILE PRACTICE 

Bt  Henry  M  Crane^ 

DURING  the  war  a  large  amount  of  development 
work  was  done  on  various  types  of  engines  suit- 
able for  use  in  aircraft  It  is  only  natural  to  speculate 
as  to  what  effect  the  knowledge  thus  gained  will  have 
on  the  design  of  automobiles.  A  close  study  of  the 
development  in  aircraft  engines  leads  the  author  to 
believe  that  there  is  no  reason  to  expect  any  radical 
change  in  automobile  engine  design.  Nearly  every 
feature  of  design  in  the  aircraft  engines  used  during 
the  war  has  been  used  in  automobile^.  * 

One  line  of  development  which  has  a  very  direct 
bearing  on  automobile  engine  design  was  just  coming 
to  the  front  at  the  end  of  the  war,  and  that  was  the 
production  of  composite  fuels.  Another  thing  that  will 
no  doubt  have  effect  on  the  future  automobile  engine 
design  is  the  question  of  materials.  The  advance  in 
aircraft  engines  can  be  attributed  to  a  more  general 
knowledge  of  materials  already  in  use  before  the  war, 
which  was  due  to  greater  care  and  better  methods  than 
to  any  new  invention.  We  will  in  the  future  have  a 
continuous  and  beneficial  interchange  of  information 
and  ideas  between  the  two  lines  of  engineering,  but 

*Vlce-presldent  and  chief  eni^ineer.  Wright-Martin  Aircraft  Cor- 
poration, New  Brunswick,  N.  J. 
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the  lines  of  design  will  also  draw  rather  widely  apart, 
on  account  of  the  very  different  problems  met  in  the 
two  services. 

During  the  four  and  one-half  years  of  the  great  war, 
an  enormous  amount  of  development  work  has  been  done 
on  various  types  of  engines  suitable  for  use  in  air- 
craft. Many  of  the  ablest  engineers  have  given 
their  whole  time  to  this  work,  while  practically 
every  engineer  with  any  knowledge  of  internal-combus- 
tion engines  has  given  the  various  problems  involved 
more  or  less  thought.  It  is  only  natural,  now  that  peace 
has  come,  to  speculate  as  to  what  effect  the  knowledge 
thus  gained  will  have  on  the  design  of  motor  cars.  Pos- 
sibly if  we  will  consider  the  various  engines  of  different 
types  that  have  proved  themselves  in  the  war,  it  will  help 
us  in  arriving  at  a  conclusion. 

These  engines  may  be  classed  roughly  as  follows : 

Radial  air-cooled  with  rotating  cylinders,  such  as  the 
Gnome,  Le  Rhone,  Clerget  and  Oberursel 

Radial  air-cooled  with  fixed  cylinders,  such  as  the  An- 
zani  and  A.  B.  C. 

Radial  water-cooled  with  fixed  cylinders,  such  as  the 
Salmsom 

Six-cylinder  vertical  water-cooled,  such  as  the  Mer- 
cedes, Benz,  Austrian  Daimler,  Maybach,  S.  P.  A., 
Fiat,  Isotta  Fraschini,  Lorraine-Dietrich,  Liberty 
and  B.  H.  P. 

Eight-cylinder  V-type,  water-cooled,  such  as  the  His- 
pano-Suiza,  Liberty  and  Sunbeam 

Eight-cylinder  V-type,  air-cooled,  such  as  the  Renault 

Twelve-cylinder  V-type,  such  as  the  Liberty,  Rolls- 
Royce,  Fiat,  Renault  and  Lorraine-Dietrich 

The  V-Type  Engines 

The  V-type  engines  mentioned  above  are  those  com- 
prising two  rows  of  cylinders.  There  have  been  a  num- 
ber built,  also,  with  more  than  two  rows  of  cylinders,  but 
none  of  them  has  come  into  any  considerable  use,  and  in 
any  case  it  is  difficult  to  see  how  they  would  have  any 
bearing  on  motor  car  practice.  There  have  also  been 
several  engines  having  eight  cylinders  in  a  row,  such  as 
the  Mercedes  and  Bugatti,  but  these  do  not  seem  to  be 
interesting  to  the  motor  car  engineers. 

If  we  look  at  aviation  engine  design,  as  represented 
above,  from  a  general  point  of  view,  there  are  several 
interesting  features  of  considerable  prominence  that  are 
practically  standard  at  the  present  time.    These  features 
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are  the  four-stroke  cycle,  the  use  of  valves  in  the  cylinder- 
heads  and  the  use  of  more  or  less  complete  force-feed 
oiling.  I  do  not  want  to  be  understood  as  saying  that 
engines  not  embodying  these  features  have  no  great  pos- 
sibilities. I  have  limited  myself  in  this  case  to  the  engines 
that  have  actually  proved  themselves  in  service. 

I  think  it  is  fairly  obvious  why  the  apparent  standard- 
ization has  taken  place  on  the  lines  described.  There  is 
no  question  that  the  four-stroke  cycle  poppet-valve  en- 
gine, with  valves  in  the  head,  is  the  lightest  for  its 
horsepower  that  has  yet  been  developed  into  commercial 
use.  The  valve-in-the-head  type,  using  poppet  valves,  has 
the  simplicity,  compactness  and  light  weight  of  individual 
parts,  which  make  up  a  light  total  weight.  The  four- 
stroke  cycle,  due  to  positive  charging  and  efficient  scav- 
enging, allows  very  high  speeds,  and  therefore  high 
powers  for  a  given  size  cylinder,  as  well  as  excellent  fuel 
economy.  The  constantly  increasing  speed  of  airplanes 
and  the  development  of  geared  engines  have  made  it  pos- 
sible to  take  full  advantage  of  these  characteristics. 

The  use  of  force-feed  oiling  has  naturally  come  to  the 
front,  in  view  of  its  positive  action,  and  because  the  oil 
circulation  is  of  great  assistance  in  cooling  parts  of  the 
engine  that  would  not  otherwise  be  properly  cooled. 

Of  course,  we  know  that  the  important  feature  in  an 
airplane  engine  is  reliability  of  operation,  together 
with  the  lightest  possible  weight  for  a  given  power,  the 
weight  necessarily  being  taken  as  that  of  the  whole 
powerplant,  including  all  cooling  accessories,  fuel,  oil 
and  the  necessary  tanks  for  the  length  of  flight  required. 
On  the  other  hand,  long  life,  durability  and  ease  of  re- 
pair, while  they  have  received  a  great  deal  of  thought, 
have  naturally  been  of  much  less  importance  than 
usual,  because  of  military  considerations.  Aerial 
warfare  is  more  or  less  an  informal  racing  proposition 
without  any  particular  rules,  and  with  the  life  of  the 
pilot  frequently  paying  for  defeat.  The  question  of  first 
cost  and  the  cost  of  maintenance,  therefore,  cannot  be 
given  the  same  consideration  as  in  the  more  commercial 
motor  car  field. 

It  is  the  striving  for  light  weight  and  compactness 
that  has  resulted  in  the  various  radial  engines,  as  well 
as  the  V-type  engines.  It  has  also  resulted  in  the  develop- 
ment of  improved  forms  of  cylinder  construction,  this 
being  a  point  where  the  greatest  weight  saving  could  be 
made,  cast-iron  cylinders  due  to  the  inherent  weakness 
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of  material  and  methods  of  fabrication  being  extremely 
heavy  in  proportion  to  the  work  performed.  The  steel 
cylinder  has  become  almost  universal  in  military  engines 
for  these  reasons,  being  formed  v^ith  radiating  fins  in 
air-cooled  engines  and  provided  with  suitable  water- 
jackets  in  water-cooled  engines. 

Water-Cooled  Engines 

In  the  water-cooled  engines,  two  pretty  definite  types 
of  construction  have  come  to  the  front.  The  Mercedes 
type,  in  which  a  complete  cylinder  unit,  including  the 
water-jackets,  valve-ports  and  other  fittings,  is  made  up 
of  various  parts,  all  of  steel,  in  most  readily  machinable 
forms,  these  parts  being  welded  together.  A  very  large 
number  of  successful  engines,  including  our  own  Liberty 
engine,  have  been  constructed  in  this  way.  The  second 
system  first  came  into  large  and  successful  use  in  the 
Hispano-Suiza  engines.  In  this  system,  the  cylinder 
wearing  surfaces  are  of  steel,  while  the  water-jackets, 
valve-ports  and  other  parts  are  cast  aluminum.  A  num- 
ber of  interesting  modifications  of  the  Hispano-Suiza  de- 
sign have  recently  been  proposed  and  some  of  them  un- 
doubtedly will  prove  to  be  successful 

It  might  at  this  point  be  interesting  to  the  members  to 
hear  that  we  have  recently  completed  an  engine  similar 
to  the  300-hp.  Hispano-Suiza,  the  only  difference  being 
in  the  use  of  a  steel  cylinder  construction,  and  that  the 
weight  of  the  two  engines  proved  to  be  almost  identical, 
the  one  with  steel  cylinders  being  slightly  heavier  dry 
than  the  one  using  the  aluminum  casting  construction, 
but  the  weight  with  the  jackets  filled  with  water  is  almost 
identical  because  of  the  smaller  amount  of  water  carried 
in  the  steel-cylinder  unit. 

There  has  been  a  steadily  increasing  use  of  aluminum- 
alloy  pistons  in  aviation  service,  partly  due  to  the  light 
weight,  but  more  because  of  the  very  much  improved 
cooling  due  to  the  high  heat  conductivity  of  this  material. 

Of  course,  crankshafts,  crankcases,  bearings,  etc.,  are 
considerably  lighter  for  the  horsepower  developed  in 
aviation  engines  than  in  pre-war  automobile  designs.  We 
must  remember,  however,  that  aircraft  engines  are  not 
subjected  to  external  shocks  and  vibrations  to  anything 
like  the  extent  that  automobile  engines  are,  and,  fur- 
thermore, that  quietness  of  operation  can  be  absolutely 
disregarded.  If  we  add  to  these  facts  the  point  already 
stated,  that  durability,  ease  of  manufacture  and  of  repair 
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have  been  sacrificed  to  a  considerable  extent  to  the  saving 
of  weight,  we  can  reach  a  more  just  estimate  as  to  the 
possible  value  of  such  improvements  in  future  automo- 
bile designs. 

A  factor  contributing  to  the  lowering  of  the  power- 
weight  ratio  has  been  the  ability  reached  to  maintain 
very  high  mean  effective  pressure  in  large-size  cylinders. 
k  number  of  very  light  engines  are  successfully  develop- 
ing 45  hp.  per  cylinder  and  are  able  to  maintain  this 
power  for  hours  at  a  time.  Mean  effective  pressures  as 
high  as  130  lb.  are  being  maintained  in  cylinders  having 
piston  displacements  of  140  cu.  in.,  with  compression 
ratios  of  5.35  to  1. 

There  are  two  other  things  which  have  assisted  in 
lightening  engines,  these  being  greatly  increased  power, 
which  means  that  planes  no  longer  need  to  be  operated 
continuously  with  wide-open  throttle,  and  that  much  of 
the  flying  is  being  done  at  considerable  altitudes.  This 
latter  feature  has  a  very  marked  effect  on  the  reliabil- 
ity and  life  of  all  aircraft  engines.  Various  schemes  have 
been  tried  out  with  the  view  of  obviating  loss  of  power 
with  attitude  in  aircraft  engines,  but  naturally  such 
devices  have  no  practical  bearing  on  automobile  work. 

Another  line  of  development  which  has  a  very  direct 
bearing  on  automobile  engine  design  was  just  coming 
to  the  front  at  the  end  of  the  war.  This  is  the  production 
of  composite  fuels.  The  admixture  of  one  part  benzol 
with  four  of  gasoline  raises  the  ignition  temperature  of 
the  mixture  to  practically  that  of  benzol.  This  allows 
of  increasing  compression  ratios  far  beyond  anything 
that  is  feasible  with  gasoline  alone.  While  this  is  of 
undoubted  value  in  connection  with  the  very  high-grade 
gasoline  used  for  military  aviation,  it  has  a  far  greater 
interest  in  connection  with  the  very  much  less  volatile 
gasoline  used  daily  in  automobiles.  The  temperature  at 
which  gasoline  ignites  becomes  lower  and  lower  as  less 
and  less  volatile  grades  are  used.  While  we  can  look  for- 
ward very  hopefully  to  the  effect  of  this  new  fuel  de- 
velopment in  automobile  work,  we  must  not  forget  that 
it  does  not  solve  the  questions  of  vaporization  and  distri- 
bution, which  are  always  present  in  using  gasoline  having 
a  high  boiling  point. 

Use  op  Improved  Materials 

Regarding  the  question  of  materials,  the  recent  ad- 
vance in  aircraft  engines  can,  I  think,  be  attributed 
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almost  entirely  to  a  more  general  knowledge  of  materials 
already  in  use  before  the  war.  Very  much  higher  grade 
aluminum  castings  are  required  than  were  commercially 
possible  several  years  ago.  Improvement  came  rapidly 
with  the  increasing  Government  demands,  but  it  was  due 
to  greater  care  and  better  methods  rather  than  to  any 
new  inventions. 

The  same  situation  holds  good  with  regard  to  the  vari- 
ous steels  required.  In  the  Hispano-Suiza  engine  we  are 
using  exactly  the  same  steels  we  have  used  in  motor  cars 
for  the  last  10  yr.,  with  the  exception  of  exhaust-valve 
material.  The  use  of  steel  having  a  chromium  con- 
tent of  12  per  cent  has,  because  of  its  non-oxidizing 
properties  at  high  temperatures,  been  very  satis- 
factory in  exhaust  valves.  The  Liberty  engine  also 
requires  no  fancy  materials  for  its  successful  opera- 
tion. The  main  thing  is  that  information  regarding  the 
manufacture,  heat-treating  and  testing  of  alloy  steels  is 
much  more  widely  distributed  than  before.  Personally 
I  have  learned  that  the  fabrication  of  the  steel  to  be 
employed  is  far  more  important  than  the  •  analysis. 
For  example,  a  carelessly  manufactured  chrome-nickel 
steel  is  a  snare  and  a  delusion.  I  have  often  felt  like 
building  one  Hispano-Suiza  engine  using  nothing  but 
straight  carbon  steel  throughout,  provided  I  could  get 
such  steel  fabricated  with  the  care  used  in  making  alloy 
steels.  I  have  vety  little  doubt  that  such  an  engine 
would  stand  up  in  direct  comparison  with  our  regular 
product. 

There  is  another  point  of  vital  importance  in  aircraft 
engines,  and  that  is  the  main  and  connecting-rod  bear- 
ings, especially  the  latter.  I  think  that  we  have  learned 
a  great  deal  about  making  babbitt-lined  bearings  with 
bronze  or  steel  backs  since  the  war  started,  but  we  have 
been  able  to  get  excellent  results  with  the  same  grades 
of  babbitt  and  bronze  as  were  used  before  the  war,  im- 
provements being  made  in  the  method  of  fabrication. 
We  have  run  our  300-hp.  engine  for  hours  at  a  time, 
taking  from  75  to  85  hp.  out  of  it  per  crankpin.  Each  of 
these  bearings  is  about  2y2  in.  long,  disregarding  fillets, 
and  2^^  in.  in  diameter.  These  engines,  when  run  at  sea 
level,  preignite  practically  all  the  time,  the  best  power 
being  obtained  in  this  manner. 

We  have  come  to  the  use  of  a  rather  heavy  bronze  back 
babbitt-lined  bearing  for  this  work,  with  sufficient  oil 
circulation  not  only  for  lubrication  but  also  for  cooling. 
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The  smaller  Hispano-Suiza  engine,  as  well  as.  all  the 
engines  that  I  have  ever  designed,  had  very  energetic 
circulation,  being  far  beyond  immediate  lubrication  re- 
quirements. When  the  300-hp.  type  was  being  developed 
the  oil  consumption  ran  very  high  in  the  early  samples, 
and  there  was  a  suggestion  from  the  other  side  to  remedy 
this  by  reducing  the  oil  flow  through  the  crankshaft.  We 
believed  this  to  be  a  mistake,  and  that  no  such  action 
would  be  necessary  with  proper  cylinder  and  piston  de- 
sign, and  this  proved  to  be  the  case.  With  the  best  that 
we  can  do,  in  lubrication  and  cooling,  however,  unless 
there  is  a  100  per  cent  bond  between  babbitt  and  bronze, 
the  bearings  will  not  stand  up,  the  babbitt  cracking  and 
flaking  off  after  longer  or  shorter  periods  of  operation. 
From  our  own  experience  we  have  concluded  that  all 
efforts  to  hold  the  babbitt  mechanically,  as  by  the  use 
of  holes,  dovetails  or  screw  threads,  for  example,  accom- 
plish no  good  purpose,  the  trouble  with  most  of  them 
being  that  they  are  more  or  less  local,  and  also  that  they 
make  rapid  variations  from  point  to  point  in  the  cross- 
section  of  the  babbitt.  The  screw-thread  system  possibly 
has  not  these  defects,  but  it  has  two  others;  first — ^the 
difiKulty  of  getting  absolute  cleanliness,  and  second — the 
probability  of  entraining  air  when  pouring  the  babbitt. 
After  all  is  said  and  done,  the  one  sure  method  consists 
of  absolute  cleanliness.  If  the  bronze  is  unoxidized  and 
the  tinning  is  maintained  in  an  absolutely  unoxidized  con- 
dition until  the  babbitt  is  poured,  nothing  else  is  re- 
quired to  make  a  thoroughly  satisfactory  job. 

Ignition 

We  must  not  overlook  in  this  discussion  the  question  of 
ignition.  With  detailed  improvements  in  engine  con- 
struction, higher  and  higher  compressions  have  been  suc- 
cessfully used  and  necessarily  higher  and  higher  explo- 
sion temperatures.  In  modem  aviation  engines,  spark- 
plugs which  will  run  successfully  in  automobiles  for 
thousands  of  miles  without  attention  fail  in  5  min.  of 
full-load  operation.  The  spark-plug  is  a  study  in  itself, 
being  a  beautiful  compromise  between  running  so  cold 
that  it  will  become  fouled  with  oil  and  running  so  hot 
that  it  will  cause  preignition,  or  that  its  insulating  prop- 
erties will  break  down,  causing  delayed  ignition  or  mis- 
firing. Tremendous  advances  have  been  made  in  the 
quality  of  insulating  material  and  in  the  detailed  design 
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of  plugSy  which  will  undoubtedly  have  a  tendency  to 
improve  the  product  for  automobile  uses. 

The  effect  of  steady  high-speed  running  with  accom- 
panying shocks  and  vibration  on  magnetos,  especially  of 
the  eight  and  twelve-cylinder  types,  has  forced  a  very 
great  improvement  in  detail  manufacture  in  this  line.  It 
is  unbelievable  that  it  will  not  have  its  effect  on  subse- 
quent commercial  manufacture.  I  think  this  is  equally 
true  of  the  battery  ignition  systems,  which  have  come 
into  successful  use  on  aircraft  engines  during  the  war. 

Because  of  the  very  high  operating  pressures  and  tem- 
peratures, valve  or  piston  leakage  in  laircraf t  engines  be- 
comes a  most  serious  matter.  No  new  inventions  in  piston 
rings  have  been  required  to  meet  this  condition,  but 
simply  a  higher  grade  of  fabrication  on  already  standard 
lines. 

In  the  accessory  field,  the  design  of  radiators  has  been 
given  a  new  impetus.  In  many  motor  cars  the  radiator, 
due  to  different  features  of  design,  is  larger  than  is  abso- 
lutely necessary  and  the  most  efiteient  types  of  cores 
have  not  been  ^required.  I  feel  sure,  however,  that  the 
new  types  developed  for  aircraft  work,  such  as  the  single 
hexagon  tube  construction,  will  prove  to  be  very  useful 
in  automobile  work. 

Radical  Changes  in  Design  Unlikely 

Looking  back  over  the  facts  brought  to  your  attention 
in  this  paper,  I  feel  certain  you  will  agree  with  me 
that  there  is  no  reason  to  expect  any  radical  change  in 
automobile  design,  due  to  aircraft  engine  development. 
Nearly  every  feature  of  design  that  I  have  described  has 
been  used  in  motor  cars.  For  instance,  an  eight-cylinder 
V-type  engined  car  was  actuaUy  produced  by  E.  R.  Hewitt 
in  1908,  following  the  idea  first  put  into  service  in  the 
Antoinette  aviation  engine.  I  do  expect  to  see  an  increase 
in  the  number  of  valve-in-the-head  engines,  due  in  part 
to  the  general  efficiency  of  this  arrangement,  but  more 
especially  to  the  fact  that  this  construction  lends  itself 
extremely  well  to  the  separable  cylinder  head,  which  is 
coming  into  continually  greater  and  greater  use.  We 
have  already  seen  a  number  of  successful  engines  with 
cast-aluminum  block-cylinder  construction  and  this  de- 
velopment may  be  expected  to  continue. 

I  have  purposely  based  my  consideration  of  this  sub- 
ject on  the  commercial  use  of  motor  cars  for  passenger 
and  freight  service.    In  racing  cars,  of  course,  the  effect 
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of  aviation  engine  progress  is  bound  to  be  extremely 
marked,  as  the  service  required  is  very  similar  in  the 
two  cases.  In  commercial  motor  car  work,  however,  the 
percentage  of  the  total  loaded  weight  which  can  be  saved 
by  detail  lightening  of  the  engine  is  not  very  great,  and 
this  saving  is  apt,  as  I  have  pointed  out,  to  be  at  the 
expense  of  durability  and  ease  of  construction  and  repair. 

Furthermore,  in  my  opinion  the  motor  car  engine 
should  be  designed  to  develop  its  best  pulling  character- 
istics at  considerably  lower  speeds  than  does  the  aircraft 
engine,  which  will  undoubtedly  mean  very  much  lower 
compression  ratios  and  lower  mean  effective  pressures.. 

To  sum  up,  I  think  that  we  shaU  in  the  future  have  a 
continual  and  beneficial  interchange  of  information  and 
ideas  between  the  two  lines  of  engineering,  but  I  think, 
also,  that  the  lines  of  design  will  draw  rather  widely 
apart,  due  to  the  very  different  problems  to  be  met  in 
the  two  classes  of  service.  [The  discussion  of  this  paper 
will  be  found  at  the  conclusion  of  0.  E.  Hunt's  paper  on 
page  161.] 
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A  COMPARISON  OF  AIRPLANE  AND 
AUTOMOBILE  ENGINES 

By  Howard  C  Marmon^ 

ANY  aggregation  of  parts  assembled  to  obtain  a 
mechanical  result  is  a  series  of  compromises.  The 
relative  importance  of  the  objectives  governs  the  na- 
ture .  of  the  compromise.  The  major  objectives  to  be 
considered  in  the  design  of  airplane  engines  are 

(1)  Reliability 

(2)  Small  weight  per  horsepower 

(3)  Economy  of  fuel  and  oil  consumption 

(4)  Carburetion  that  permits  of  easy  starting; 
maximum  power  through  a  range  of  30  per 
cent  of  the  speed  range;  and  idling  at  one- 
quarter  maximum  speed  without  danger  of 
stalling 

(5)  Ability  to  deliver  full  power  through  a  small 
speed  range  without  excessive  vibration 

(6)  Complete  local  cylinder-cooling  under  con- 
ditions of  high  mean  effective  pressure 

(7)  Compactness 

The  automobile  engine  must  have 

(1)  Reliability 

(2)  Silence 

(3)  Carburetion  that  accomplishes  proper  and 
even  firing  in  all  cylinders  under  varying 
throttle  conditions,  through  speeds  covering 
more  than  90  per  cent  of  the  speed  range  of 
the  engine.  Great  flexibility,  with  economy 
secondary 

(4)  Ability  to  deliver  partial  or  full  torque 
through  its  entire  range  of  speed  without 
vibration 

(5)  Compactness 

(6)  Small  weight  per  horsepower 

Starting  from  these  basic  qualities,  the  author  makes 
a  close  comparison  of  construction,  methods  of  use, 
adaptations  and  elimination  of  parts,  weights  and 
fuels.  The  question  of  design  of  crankshafts  and  crank 
cases  is  discussed.  The  action  of  an  airplane  engine 
in  an  automobile  and  the  changes  needed  to  insure 
success  are  specified.  The  conclusion  is  reached  that 
none  of  the  major  features  of  the  airplane  engine  can 
be  grafted  directly  upon  the  automobile.     The  auto- 
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mobile  will  be  improved  as  a  result  of  airplane  experi- 
ence, but  this  improvement  will  be  evident  in  the 
service  the  automobile  gives,  rather  than  in  radical 
changes  of  design. 

In  physical  construction  the  four-stroke  cycle  airplane 
and  the  automdbile  engine  are  identical.  From  the  de- 
livery of  the  fuel  to  the  carbureter  to  the  delivery  of 
the  power  generated  at  the  crankshaft  end,  the  processes 
are  the  same.  An  automobile  engine  could  be  made  to 
fly  an  airplane,  and  an  airplane  engine  or  a  replica  of  it  on 
a  reduced  scale  to  bring  the  power  within  usable  limits, 
could  be  employed  to  operate  an  automobile.  A  long 
series  of  disappointments  has  emphasized  to  all  of  us 
the  fact  that  any  aggregation  of  parts  assembled  to  obtain 
a  mechanical  result  is  a  series  of  compromises,  and  the 
relative  importance  of  the  objectives  governs  the  nature 
of  the  compromise. 

Controlling  Factors  in  Design 

The  major  objectives  that  govern  the  compromises  to 
be  made  in  the  design  of  airplane  or  automobile  engines 
are  roughly  as  follows  in  approximate  relative  import- 
ance. We  are  considering  the  airplane  engines  that  have 
been  developed  for  use  in  warfare.    They  must  have 

(1)  Reliability 

(2)  Small  weight  per  horsepower 

(3)  Economy  in  fuel  and  oil  consumption 

(4)  Carburetion  that  permits  easy  starting  and  maxi- 

mum power  through  a  range  of  30  per  cent  of 
the  speed  range,  and  idling  at  one-quarter  maxi- 
mum speed  without  danger  of  stalling.  In  short, 
no  great  degree  of  flexibility  is  required 

(5)  Ability  to  deliver  full  power  through  a  small  speed 

range  without  excessive  vibration 

(6)  Complete  local  cylinder  cooling  under  conditions  of 

high  mean  effective  pressure 

(7)  Compactness 

In  general,  it  can  be  assumed  that  the  airplane  engine 
will  receive  expert  attention  daily ;  it  will  be  operated  on 
a  homogenous  highly  volatile  fuel  and  be  lubricated  with 
good  oils.  Relatively  little  regard  need  be  given  to  the 
expense  involved  in  fabricating  any  part  of  the  engine 
or  in  the  original  tooling-up.  Further,  a  comparatively 
small  part  of  its  life  will  be  spent  at  sea  level  and  none 
in  a  dust-laden  atmosphere. 
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The  automobile  engine  must  have 

(1)  Reliability 

(2)  Silence 

(3)  Carburetion  that  accomplishes  proper  and  even  fir- 

ing in  all  cylinders  under  varying  throttle  condi- 
tions, through  speeds  covering  more  than  90  per 
of  the  speed  range  of  the  engine.  In  short,  great 
flexibility.  Economy  is  secondary  to  this  require- 
ment 

(4)  Ability  to  deliver  partial  or  full  torque  through  its 

entire  range  of  speed  without  vibration 
(6)  Compactness 
(6)  Small  weight  per  horsepower 

In  general,  it  can  be  assumed  that  the  automobile  en- 
gine vrill  receive  attention  at  infrequent  intervals  and 
then  usually  at  the  hands  of  an  inexpert  person.  It  vrill  be 
operated  on  fuels  of  low  volatility  and  lacking  in  uni- 
formity, and  varying  grades  of  lubricating  oils  will  be 
used.  The  cost  of  fabricating  the  parts  and  tooling-up 
must  be  kept  in  mind.  Further,  the  engine  must  be  de- 
signed to  operate  at  higher  speeds  than  is  customary 
in  airplane  engines.  Its  entire  operation  is  likely  to  be 
near  sea  level  and  often  in  a  dust-laden  atmosphere. 

Reliability  has  been  given  as  a  prime  requisite  for 
both  types  of  engine.  It  should  be  remembered  that  an 
automobile  which  has  traveled  10,000  miles  has  had  its 
engine  running  from  300  to  500  hr.  This  is  considerably 
in  excess  of  the  normal  life  of  an  airplane  engine  in  war- 
fare. A  typical  two-seated  airplane  loaded  with  all  its 
paraphernalia  for  reconnaissance  work  and  the  incidental 
fighting  would,  as  it  left  the  ground,  have  20  per  cent  of 
its  weight  represented  by  bare  engine  and  15  per  cent 
by  fuel  for  a  3  or  4  hr.  fiight.  These  figures  represent 
the  extreme  that  has  been  attained  in  lowering  the  power- 
weight  ratio  and  in  fuel  economy.  A  t3rpical  automobile 
carrying  five  passengers  and  fuel  for  an  8  or  10  hr.  ^'un 
would  have,  not  including  fiywheel,  clutch  and  starter, 
less  than  10  per  cent  of  its  weight  in  the  engine  and 
3  per  cent  in  fuel 

In  obtaining  the  greatest  power  output  per  pound  of 
weight,  it  is  necessary  to  get  the  greatest  power  out- 
put per  cubic  inch  of  piston  displacement.  In  the  air- 
plane engine  the  most  successful  solution  has  resulted 
from  the  use  of  a  compact  combustion  chamber,  valves 
of  ample  size,  large  passages  in  the  intake  manifolds, 
carbureters  designed  especially  for  the  engine  speeds 
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contemplated,  and  the  highest  practical  compression 
pressures,  bearing  in  mind  that  a  fuel  of  high  volatility 
is  to  be  used  and  much  of  the  operation  is  to  be  at 
reduced  barometric  pressures. 

The  automobile  engine  will  not  equal  the  airplane  en- 
gine in  power  per  cubic  inch  piston  displacement,  as  it 
must  be  carbureted  for  greater  flexibility  and  not  solely 
for  maximum  torque  output  through  a  comparatively 
limited  range  of  speed.  Two  to  four  carbureters,  which 
are  usual  on  multi-cylinder  airplane  engines  and  add 
to  their  maximum  output,  would  not  be  welcomed  on  the 
automobile. 

Nor  can  the  automobile  engine  use  a  compression  pres- 
sure as  high  as  that  of  the  airplane  engine,  which  means 
that  its  power  for  a  given  displacement,  output  and  fuel 
economy  must  be  lower.  The  high  compression  pressures 
would  be  impracticable  at  the  full  load  and  low  engine 
speeds  required  of  the  automobile  engine,  but  not  of  the 
airplane  engine. 

The  lower  grade  fuels  commonly  used  in  automobile 
engines  are  more  troublesome  under  high  compressions 
than  the  fuels  customarily  used  in  airplanes.  It  should 
also  be  remembered  that  the  higher  the  compression 
ratio  it  is  possible  to  use  at  ground  level  in  an  airplane 
the  better  the  engine  functions  at  altitude.  At  an  eleva- 
tion of  about  15,000  ft.  the  compression  pressure  is  re- 
duced about  40  per  cent. 

Compact  combustion  chambers  make  valves  in  the  head 
necessary.  Mechanically  the  most  efficient  way  yet  de- 
vised to  actuate  these  valves  is  by  overhead  camshaft 
and  the  use  of  abrupt  cams.  The  gear  train  for  operat- 
ing the  overhead  camshaft  from  the  crankshaft  is  rather 
complex  and  expensive,  but  by  using  proper  materials 
can  be  made  very  light  and  durable. 

Reduced  Weight  in  Cylinder  Construction 

The  greatest  weight  reduction  in  cylinder  construc- 
tion seems  to  be  obtained  in  the  steel  cylinders  with 
welded-on  jackets,  usually  individual.  All-steel  cylinders 
are  available  only  for  valve-in-the-head  engines.  Steel 
cylinders  have  a  particular  advantage  in  that  it  is  pos- 
sible to  get  cooling  water  close  to  the  interior  walls  of 
the  combustion  chamber  and  to  the  valve  seats.  This  is 
of  considerable  help  in  connect-on  with  high  mean  ef- 
fective pressures  and  tends  to  reduce  carbonization. 
Steel  cylinder  walls  can  be  made  so  thin  that  they  will 
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permit  the  bore  of  the  cylinder  to  increase  0.010  to  0.012 
in.  during  the  explosion  stroke  without  affecting  the 
power  output. 

If  the  steel  cylinder  is  the  lightest  and  lends  itself 
readily  to  the  most  effective  way  of  producing  power  for 
a  given  displacement,  why  should  it  not  be  adopted  for 
automobile  use?  For  passenger  car  use  its  compara- 
tively excessive  cost  is  the  least  of  the  objections.  Per  se, 
the  steel  cylinder  wall  offers  no  advantages  over  cast 
iron.  In  European  aviation  practice,  notably  in  air- 
cooled  engines,  steel  cylinders  have  been  lined  with  cast- 
iron  sleeves  about  1/32  in.  thick.  In  its  best  development, 
for  ease  of  manufacture,  least  amount  of  water  weight, 
and  the  best  circulating  water  distribution,  the  steel 
cylinder  is  of  the  individual  type.  Individual  cylinders 
in  a  passenger  automobile  are  not  desirable  because  of 
the  increased  over-all  length  consequent  upon  such  a 
design,  the  multiplicity  of  water,  gas  and  exhaust  con- 
nections and  valves  in  the  head.  With  steel  cylinders, 
valves  in  the  head  may  be  operated  by  push-rods  from  a 
camshaft  in  the  crankcase,  as  in  the  Benz  aviation  en- 
gine, but  for  automobiles  the  problems  of  enclosure 
against  dust  and  proper  lubrication  of  parts  present  diffi- 
culties that  are  not  easily  solved. 

An  attempt  to  operate  the  valves  of  a  passenger  auto- 
mobile with  the  overhead  camshaft  would  not  be  likely 
to  succeed  commercially.  Not  only  would  its  compara- 
tive complexity  over  other  methods  of  valve  operation 
producing  excellent  results  be  against  it,  but,  what  is 
more  important,  no  durable  way  of  driving  an  overhead 
camshaft  and  all  the  accessories  required  on  an  automo- 
bile has  yet  been  devised.  It  seems  to  be  fundamental 
that  a  passenger  car  engine  must  operate  with  a  total 
amount  of  noise  that  is,  at  the  most,  unobtrusive. 

In  addition  to  this,  the  cylinder  walls  would  have  to  be 
thickened  to  a  point  where  no  spring  from  the  explosion 
pressures  would  result  in  that  constant  source  of  trouble 
to  the  manufacturer,  piston  slaps.  Some  of  the  weight 
advantages  would  diminish  with  this  change. 

One  of  the  greatest  contributions  to  our  knowledge 
of  engine  manufacture  resulting  from  airplane  engine 
production  is  the  steel  cylinder,  and,  strangely  enough, 
probably  the  greatest  application  of  steel  cylinders  will 
be  on  the  large  truck  or  the  tractor  engine.  Here  the 
noise  is  less  important,  as  is  also  the  fore-and-aft  bulk. 
The  unusual  cooling  advantages  offered  by  the  steel  cylin- 
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der  make  it  particularly  suitable  for  heavy  duty  under 
the  unfavorable  conditions  often  required  of  the  truck 
or  tractor.  The  small  relative  mass  of  such  cylinders  is 
conducive  to  their  staying  in  place  without  the  loosening 
or  fracture  due  to  the  excessive  vibrations  often  en- 
countered in  such  cases  from  causes  other  than  engine 
operation. 

Design  of  Crankshafts  and  Crankcases 

In  the  design  of  an  airplane  engine  crankshaft,  the 
need  of  minimum  weight  per  horsepower  will  govern.  A 
material  of  high  specific  strength  will  be  used,  and  em- 
pirical data  will  be  employed  in  the  design  to  avoid  peri- 
odic vibrations  in  the  narrow  speed  zones  in  which  the 
engine. operates.  In  the  layout  of  the  automobile  crank- 
shaft»  it  must  be  remembered  that  all  periodic  vibration? 
must  be  avoided  from  the  lowest  speed  to  speeds  higher 
than  those  employed  in  the  airplane  engine.  This  results 
in  designing  for  a  certain  stiffness,  which  would  enable 
the  use  of  material  relatively  inferior  but  still  having 
sufficient  strength.  Hence  the  requirement  of  smooth 
operation  under  a  greater  variety  of  conditions  makes  it 
impossible  to  meet,  in  the  automobile  engine,  the  low 
weight  factors  of  the  airplane  engine. 

What  may  be  termed  the  tubular  type  of  crankcase 
is  the  lightest  on  a  power-weight  basis  and  presents  the 
greatest  opportunity  for  heat  dispersion  from  bearings 
of  any  crankcase  design  yet  offered,  and  is  widely  used 
in  airplane  engines.  It  is  split  on  its  horizontal  axis, 
the  upper  portion  carries  one-half  the  crankshaft  bear- 
ings and  the  lower  portion  the  other  half,  and  the  two 
halves  are  bolted  together  with  bolts  going  entirely 
through  the  case.  The  conventional  automobile  design, 
in  which  the  upper  half  of  the  crankcase,  plus  whatever 
bridgework  reinforcement  the  cylinders  offer,  carries  the 
entire  crankshaft  load,  the  lower  half  being  merely  an 
oil  container,  is  quite  appreciably  heavier.  It  will,  how- 
ever, in  all  probability  be  retained  for  automobile  work 
on  account  of  its  greater  accessibility  and  the  greater 
ease  with  which  corrections  for  wear  can  be  made. 
'  Total  bearing  loads  and  the  effect  of  parts  that  apply 
these  bearing  loads  will  be  greater  in  automobile  than  in 
airplane  engines,  as  higher  engine  speeds  must  be  pro- 
vided for.  The  forces  due  to  reciprocation  of  parts  be- 
come greater  in  proportion  to  the  horsepower  output 
than  in  the  airplane  engine.    The  factor  V*  of  the  MV 
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equation  increases  more  rapidly  than  the  factor  M  can 
be  reduced. 

Higher  mechanical  efficiencies  with  their  correspond- 
ingly greater  horsepower  output  per  cubic  inch  will  be 
obtained  from  the  airplane  engine  than  from  the  auto- 
mobile engine.  The  easy  clearances  on  the  pistons,  the 
ample  freedom  given  all  the  bearings,  the  gear  trains, 
etc.,  that  mark  the  assembly  of  the  airplane  engine  pro- 
duce a  machine  that  responds  and  is  ready  for  the  hard- 
est duty  at  the  moment  it  is  first  fired.  Give  the  auto- 
mobile engine  this  same  mechanical  freedom,  and  one  of 
the  prime  requirements  of  automobile  engines,  silence, 
will  be  so  lacking  that  the  engine  would  be  promptly 
condemned. 

The  need  for  economy  of  fuel  and  oil  has  been  empha- 
sized. It  appears  that  any  fairly  conventional  water- 
cooled  engine  with  a  reasonably  compact  combustion 
chamber  with  cylinders  sufficiently  well  cooled  locally  to 
permit  good  compression  pressures,  can  reach  %  lb.  of 
fuel  per  b.hp.-hr.  over  the  speed  and  power  ranges  re- 
quired. Over  equivalent  ranges,  with  proper  allowances 
made  for  reduced  compression  ratios,  automobile  engines 
will  compare  very  favorably.  However,  the  requirements 
of  great  flexibility,  sudden  demands  for  idling,  quick  ac- 
celeration in  crowded  traffic  conditions,  present  economy 
problems  for  which  airplane  engine  history  provides  no 
parallel. 

While  the  steel-cylindered  airplane  engine  has  been 
considered  principally,  it  is  not  intended  to  overlook 
the  well-known  aluminum-jacket  engines  and  the  6u- 
gatti  extraordinarily  clever  design  using  all  cast  iron 
above  the  crankcase,  which  engines  produce  much  the 
same  results  when  installed  in  an  airplane.  They 
have  one  advantage  for  automobile  use  not  possessed 
by  the  steel-cylinder  engine,  more  complete  enclosure  of 
valve  operating  parts.  However,  an  analysis  of  all  of 
them  will  show  that  the  objectives  aimed  at  have  neces- 
sitated compromises  as  do  other  constructions. 

An  Airplane  Engine  in  an  Automobile 

Let  us  now  see  what  happens  if  we  take  any  four, 
six,  eight  or  twelve-cylinder  aviation  engine  and  make  a 
faithful  replica  of  it  on  a  reduced  scale  so  that  its  power 
output  fits  the  needs  of  the  particular  car  we  wish  to  try 
it  in.  The  engine  will  be  heavier  per  horsepower  than  its 
prototype;  cylinder  walls  will  be  as  thick;   crankcase 
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walls  will  be  as  thick,  as  undoubtedly  foundry  practice 
dictated  the  thickness  of  the  larger  one;  ignition,  spark- 
plugs, float  chamber  and  many  similar  parts  will  weigh 
as  much  per  cylinder  as  in  the  larger  engine.  The  weights 
in  pounds  per  horsepower  will  show  a  considerable  in- 
crease. However,  when  Installed  in  the  car,  and  with 
the  usual  flywheel,  clutch,  starting  and  lighting  systems, 
tire  pump  and  so  on  added,  it  will  weigh  from  one-half 
to  two-thirds  as  much  as  engines  employed  in  our  usual 
practice. 

A  trial  of  the  car  so  equipped  will  show  some  extraor- 
dinary performances  in  speed  and  hill  climbing  when 
the  original  start  for  the  hill  is  rapid.  City  driving  un- 
der traffic  conditions  or  heavy  pulling  at  low  speeds  will 
demand  a  new  carbureter  and  intake  system  to  meet 
these  conditions.  This  will  seriously  affect  the  condi- 
tions that  made  the  first  impressive  performance.  When 
satisfactory  control  of  the  engine  has  been  established, 
noises  demand  attention.  A  general  snugging  up  of 
parts  helps,  but  a  few  noises  remain  that  it  is  finally 
decided  can  be  corrected  only  by  a  redesign,  probably 
of  the  valve  operating  gear.  All  this  affects  the 
original  performance  adversely.  After  this  has  been 
done,  certain  conditions  of  operation  will  require  an  en- 
largement and  stiffening  of  the  crankshaft  to  eliminate 
an  annoying  periodic  vibration.  The  result  is  an  engine 
not  a  great  deal  lighter  or  more  efficient  than  the  one 
originally  designed  for  the  car. 

The  airplane  engine  is  a  more  expertly  engineered  and 
better  manufactured  development  of  the  internal-com- 
bustion engine  than  the  automobile  engine.  It  is,  how- 
ever, developed  for  a  set  of  objectives  different  from 
those  demanded  in  an  automobile,  and  none  of  its  major 
features  can  be  directly  grafted  upon  the  motorcar.  It  is 
true  that  a  multitude  of  engineering  minutiae  have  been 
developed  that  are  applicable  to  the  motorcar,  but  the 
total  result  in  operating  performance  is  small. 

The  greatest  contribution  from  the  airplane  engine  to 
the  motorcar  industry  has  come  through  the  builder  of 
the  engines.  He  has  shown  that,  given  a  definite  set 
of  specifications  and  a  definite  request  for  results,  en- 
gines will  leave  his  factory  with  absolute  assurance  as 
to  what  they  can  do.  Some  of  the  optimists  have  sus- 
pected this,  but  the  war's  aviation  engine  experience  has 
proved  it. 

Motorcars  will  be  improved  as  a  result  of  our  airplane 
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experience,  but  this  improvement  will  be  apparent  in  the 
service  the  car  gives,  rather  than  in  any  radical  changes 
in  design.  This  will  come  about  as  a  result  of  better 
manufacturing  facilities,  higher  shop  standards  and  more 
intelligent  inspection.  [The  discussion  of  this  paper 
will  be  found  at  the  conclusion  of  O.  E.  Hunt's  paper, 
on  page  161.] 


PROBABLE   EFFECT   ON  AUTOMOBILE 

DESIGN  OF  EXPERIENCE  WITH  WAR 

AIRPLANES 

By  O  E  Hunti 

THE  impression  that  recent  aircraft  experience 
should  have  taught  engineers  how  to  revolutionize 
automobile  construction  and  performance,  is  not  war- 
ranted by  the  facts  involved.  Aircraft  and  automobiles 
both  embody .  powerplants,  transmission  mechanisms, 
running  gear,  bodies  and  controls,  but  their  functions 
are  entirely  different.  The  controls  of  an  airplane,, 
except  in  work  on  the  ground,  act  upon  a  gas,  whereas 
with  an  automobile  the  resistant  medium  is  a  rela- 
tively solid  surface.  Similarly,  the  prime  function  of 
the  fuselage  is  strength,  weight  considerations  result- 
ing in  paying  scant  attention  to  comfort  and  conveni- 
ence, which  are  the  first  requirements  of  an  automobile 
body.  Aircraft  running-gear  is  designed  for  landing 
on  special  fields,  and  is  not  in  use  the  major  portion 
of  the  time.  The  running-gear  is  the  backbone  of  an 
automobile,  in  use  continuously  for  support,  propul- 
sion and  steering;  hence  its  utterly  different  desigrn. 
In  an  airplane  the  transmission  system  does  not  re- 
quire variable  ratios,  is  rigidly  aligned  and  covers  only 
short  distances,  so  that  the  automobile  can  borrow 
little  from  it. 

While  much  of  the  information  acquired  in  aircraft 
work  will  undoubtedly  be  beneficial  in  automobile  work, 
it  must  be  considerably  discounted  because  automobile 
flexibility  and  quietness  are  much  more  important  than 
light  weight  and  high  mean  effective  pressure.  Prob- 
ably more  aluminum  will  be  used  in  automobile  engines 
as  commercial  conditions  permit,  but  wholesale  adop- 
tions of  all-steel  cylinders,  sections  machined  to  utmost 
lightness,  etc.,  are  prohibited  at  present  by  first-cost 

'Chief  engineer,  carriage  division,  Packard  Motor  Car  Co.,  Detroit, 
Mich. 
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considerations.  Most  of  the  extreme  methods  of  rais- 
ing horsepower  per  pound  are  barred  in  automobiles 
on  account  of  noise  or  their  effect  on  flexibility. 

Summarizing  it  is  believed  that  the  chief  advantage 
derived  from  aircraft  experience,  aside  from  compara- 
tively minor  points,  will  be  the  tendencies  of  engineers 
to  seek  lighter  weights  at  a  cost  within  reason,  better 
metallurgical  results,  better  workmanship,  and  ihe  like. 
In  other  words,  .the  benefit  will  be  from  inspiration 
rather  than  from  design  details. 

There  seems  to  be  an  impression  in  some  quarters 
that  the  aircraft  experience  of  the  last  two  years  should 
have  taught  engineers  how  to  revolutionize  car  construc- 
tion and  performance.  The  facts  appear  to  offer  no  real 
foundation  for  such  an  opinion. 

In  general,  cars  and  airplanes  can  be  divided  into  the 
same  design  elements.  They  both  have  powerplants,  sys- 
tems for  the  transmission  of  power  from  the  engine  to 
the  point  ot  its  absorption,  running  gear,  bodies  and  con- 
trols. Let  us  take  each  of  these  elements  and  compare 
its  design  and  the  conditions  surrounding  its  use  in  both 
types  of  service  to  determine  whether  the  development  of 
the  element  in  the  one  service  will  automatically  tend  to 
produce  a  similar  development  in  the  other. 

Control  and  Body  Differences 

Controls  in  both  cases  have  to  cover  the  functions  of 
steering  and  changing  speed.  In  the  case  of  the  plane, 
the  steering  function  is  performed  by  ailerons,  elevator 
and  rudder,  the  first  two  controlled  from  the  hand-oper- 
ated stick  and  the  last  from  the  foot-operated  rudder  bar. 
Changing  speed  with  relation  to  the  ground  is  accom- 
plished in  the  plane  by  changing  the  engine  speed  with 
the  conventional  spark  and  throttle  controls,  by  changing 
the  attitude  of  the  plane  in  the  air  with  the  steering  con- 
trols, and  by  taking  advantage  of  wind  currents.  For 
instance,  the  reduction  of  speed  accomplished  in  a  car 
by  throttling  the  engine,  declutching  and  braking,  would 
be  produced  in  a, plane  by  throttling  the  engine,  increas- 
ing the  angle  of  the  planes  to  the  direction  of  flight  and 
heading  into  the  wind.  In  landing,  an  incidental  and 
added  braking  effect  is  obtained  from  the  dragging  tail 
skid.  It  is  perfectly  obvious  that  developments  in  air- 
plane control  are  not  going  to  revolutionize  car  control. 
The  two  systems  are  fundamentally  different. 

In  the  airplane,  the  body  or  fuselage  performs  many 
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more  functions  than  in  a  car.  Aside  from  seating  and 
protecting  the  passengers,  it  is  the  chief  structural  mem- 
ber of  the  machine  and  carries  the  engine,  the  supplies 
and  the  useful  load,  which  functions  are  performed  by 
the  chassis  in  the  case  of  the  car.  Maximum  strength 
with  minimum  weight  exercises  a  controlling  influence 
in  the  design  of  a  fuselage,  with  the  result  that  the  con- 
venience and  comfort  of  the  passengers  receive  but  scant 
attention.  Doors  and  stepboards  for  convenient  entrance 
would  add  weight,  weaken  the  structure,  and  increase 
wind  resistance.  Consequently,  the  passengers  reach  their 
seats  by  scaling  the  side  of  the  machine  and  sliding 
down  through  an  opening  in  the  top  of  the  body.  The 
seat,  as  a  rule,  is  scantily  padded,  presumably  to  reduce 
weight.  The  leg  room  is  usually  scant.  A  view  of  the 
surroundings  is  insured  by  placing  the  seat  so  that  the 
passenger's  head  sticks  up  through  the  opening  by  which 
he  entered.  The  windshield  function  is  supposedly  per- 
formed by  a  small  piece  of  glass  or  celluloid  set  on  top 
of  the  fuselage,  just  forward  of  the  cockpit;  but  in  my 
experience,  goggles  are  the  real  protection.  It  is  hard 
to  conceive  that  information  which  would  help  us  to 
improve  car  bodies,  where  comfort  and  convenience  of « 
passengers  are  prime  requisites,  can  result  from  a  study 
of  fuselage  construction.  Due  to  the  radical  differences 
in  design,  there  is  little,  if  any,  structural  detail  that 
could  possibly  be  used  in  car  bodies.  An  increased  use 
of  stamped  braces  and  the  possible  use  on  the  more 
expensive  bodies  of  bent  structural  parts  of  veneer,  are 
the  only  immediate  possibilities  for  body  structure  sug- 
gested by  a  fairly  intimate  knowledge  of  airplane  body 
design. 

In  a  car,  the  chassis  is  the  backbone  of  the  whole 
structure.    In  a  plane,  it  is  a  parasite  when  the  machine 
is  in  the  air,  and  is  so  considered  in  connection  with 
plane  design.    Being  useful  only  in  taking  off  and  land- 
ing and  a  drag  on  performance  due  to  both   weight 
and  wind  resistance  when  the  plane  is  in  the  air,  its 
bulk  and  weight  are  made  as  small  as  possible;  and  since, 
in  theory  at  least,  taking  off  and  landing  are  done  on 
specially  prepared  fields,  the  factor  of  safety  is  made 
less  than  in  the  corresponding  element  of  the  car. 
chassis  is  fundamentally  simple  in  construction,  too, 
ise  its  axle  exercises  neither  a  steering  nor  a  torque 
mitting  function,  as  in  car  axles.    The  only  possible 
ibution  to  car  design  that  could  result  from  expe- 
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rience  with  the  airplane  landing  gear  would  be  the  de- 
velopment of  light  wheels  and  tires  that  might  some  day 
find  a  place  on  high-grade  light  cars. 

An  airplane  is  almost  entirely  devoid  of  a  power 
transmission  system.  The  conventional  airplane  engine 
has  the  propeller  mounted  directly  on  the  end  of  the 
crankshaft.  For  certain  purposes,  reduction  gears  of  a 
fixed  ratio  are  used  to  drive  from  the  crankshaft  a  lay- 
shaft  carrying  the  propeller,  but  gear  changes,  such  as 
are  applied  to  cars,  are  unknown.  The  only  element  of 
the  power  transmission  that  has  a  counterpart  in  car 
work  is  the  propeller-hub  which  performs  a  similar  func- 
tion and  is  similar  in  design  to  the  rear  wheel  hub  of 
cars.  Airplane  propeller  hubs  must  be  readily  demount- 
able and  this  requirement  has  resulted  in  some  new  de- 
sign detail  that  is  entirely  unnecessary  for  cars. 

Airplane  and  Car  Engine  Service  Conditions 

But  the  engine,  you  say,  is  a  different  matter.  Has 
not  the  war  proved  that  highly  developed,  water-cooled, 
fixed-cylinder  engines  of  the  automobile  type  are  the 
most  dependable  airplane  engines  at  the  present  stage  of 
the  art;  and  will  not  the  experience  gained  in  reducing 
the  weight  and  increasing  the  volumetric  efficiency  of 
these  airplane  engines  be  of  immediate  use  in  decreasing 
the  weight-horsepower  ratio  for  car  engines?  This 
may  help  in  a  limited  way  but  not  nearly  to  the  ex- 
tent some  engineers  would  have  us  believe,  because, 
in  spite  of  similarities  in  design,  the  engine  require- 
ments for  airplane  service  are  so  far  different  from  those 
for  cars  that  factors  which  are  vital  in  the  former  type 
of  machine  are  of  minor  importance  in  the  latter  and  vice 
versa.  In  an  airplane  engine  dependability,  light  weight, 
high  mean  effective  pressure,  excellent  economy,  first  cost, 
flexibility  and  quietness  are  controlling  factors  in  about 
the  order  listed,  while  in  the  case  of  the  car  engine  the 
relative  order  of  importance  is  almost  completely  reversed 
and  would  read  dependability,  flexibility,  quietness,  first 
cost,  economy,  light  weight  and  high  mean  effective  pres- 
sure. Exception  may  be  taken  to  the  order  given  for 
cars,  particularly  as  regards  first  cost  and  light  weight, 
but  since  probably  over  90  per  cent  of  our  total  car 
production  is  designed  to  fit  a  definite  price  class,  it  will 
be  realized  that  first  cost  has*a  predominant  place  in 
the  design  councils  of  the  industry  as  a  whole,  and  that 
light  weight  is  of  major  importance  only  as  it  results 
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in  the  reduction  of  the  total  amount  of  material  to 
be  purchased,  thus  reducing  the  material  bill.  Flexi- 
bility and  reasonable  quietness,  like  dependability,  have 
come  to  be  expected  in  all  cars,  and  no  car  that  does 
not  give  proper  performance  in  these  respects  can  hope 
to  remain  in  public  favor.  I  must  confess  that  in  plac- 
ing economy  below  first  cost  I  am  reflecting  the  buyer's 
attitude  as  he,  thanks  to  the  manufacturer's  reputation 
for  never  understating  his  case,  will  give  greater  weight 
to  a  known  economy  in  first  cost  than  to  a  promised 
economy  in  operation. 

Changes  in  Airplane  Engines  Not  Suitable  for  Cars 

Airplane  engine  design  detail  that  will  increase  de- 
pendability is  immediately  useful  in  cars  provided  it 
does  not  entail  an  abnormal  increase  in  first  cost.  Air- 
plane spark-plug  development  is  an  example.  There  are 
other  minor  ones  that  I  shall  not  attempt  to  mention  in 
detail  here. 

In  general,  light  weight  in  airplane  engines  is  obtained 
by  the  use  of  unusual  light  materials  such  as  aluminum, 
regardless  of  cost,  and  by  the  reducing  of  all  parts  to 
the  smallest  section  that  will  give  a  satisfactory  de- 
pendability, with  little  regard  to  the  labor  involved  in 
so  doing.  Aluminum  has  been  generally  used  for  oil- 
pumps,  water-pumps,  cylinders,  and  to  a  greater  extent 
in  carbureters,  induction  pipes  and  electrical  equipment, 
than  is  common  in  car  engines.  A  most  significant  exam- 
ple of  the  minimum  section  method  of  obtaining  lightness 
is  the  all-steel  cylinder  used  on  the  Liberty  and  some  other 
airplane  engines.  I  believe  that  the  more  extensive  use 
of  aluminum  in  car  engines  will  be  stimulated  by 
this  experience  provided  the  price  of  this  metal  comes 
down  to  a  point  where,  better  machining  allowed  for, 
it  can  compare  fairly  well  with  cast  iron  in  cost  of  the 
finished  piece.  There  does  not  seem  to  be  much  reason 
to  expect  a  landslide  to  light  parts  of  the  steel-cylinder 
variety  as  the  cost  of  producing  them  by  present  methods 
is  out  of  all  proportion  to  the  dividends  they  would  pay 
in  car  service.  Commercialization  of  the  airplane  engine 
will  undoubtedly  be  along  the  lines  of  perfecting  less 
expensive  methods  of  manufacture  for  such  parts.  This 
may  ultimately  result  in  costs  low  enough  to  warrant 
their  use  in  cars. 

Many  improvements  contribute  to  high  volumetric  effi- 
ciency in  airplane  engines.    Overhead  values  are  already 
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used  to  a  limited  extent  on  car  engines^  but  the  overhead 
camshaft  that  is  abnost  universal  on  airplane  engines  is 
practically  unknown  on  cars  outside  the  racing  class  be- 
cause of  the  difficulty  of  getting  a  quiet  and  inexpensive 
form  of  drive.  Very  high  compression  and  open  exhaust 
are  barred  for  car  use  because  the  former  militates 
against  flexibility  and  the  latter  is  too  noisy.  Abnormally 
large  valves  and  high  lift  are  generally  frowned  upon 
in  cars  because  of  the  tendency  toward  a  lesser  valve  life 
and  lack  of  quietness  in  operation.  The  unusual  care 
taken  to  cool  valves  and  spark-plugs  in  airplane  engines 
in  order  to  combine  proper  dependability  with  high  effi- 
ciency usually  involves  structural  features  of  the  steel- 
cylinder  type  that  are  too  expensive  for  cars.  Abnormally 
large  intake  passages  and  carbureters  are  not  usable  in 
automobile  engines  because  of  the  unsatisfactory  effect 
on  flexibility.  On  the  whole,  the  engineer  must  be  very 
cautious  with  the  use  in  cars  of  design  "stunts"  that 
contribute  to  raising  the  mean  effective  pressure  in  air- 
plane engines  or  he  may  find  to  his  sorrow  that  he  has 
sacrificed  results  that  the  public  insist  upon  as  necessary 
to  satisfactory  car  performance.  There  seems  to  be  no 
immediate  promise  of  a- general  increase  in  the  average 
mean  effective  pressure  of  car  engines  based  on  airplane 
experience. 

The  dead  load  that  present-day  airplanes  can  handle 
satisfactorily  is  relatively  small.  The  power  required  to 
give  them  satisfactory  performance  is  so  high  that  a  con- 
siderable proportion  of  this  dead  load  must  go  to  sup- 
plies, leaving  only  a  small  portion  for  useful  load,  or,  if 
,a  large  useful  load  is  desired,  the  flight  range  is  small. 
Economy  of  fuel  is  then  of  real  importance.  Good  dis- 
tribution, a  carbureter  setting  as  lean  as  will  give  full 
power  over  the  6ngine  speed-range  ordinarily  used  in 
flight  but  not  so  lean  as  to  accelerate  valve  burning,  and 
a  sensitive  means  of  reducing  the  fuel  flow  to  an  amount 
that  will  give  a  proper  mixture  with  the  lighter  air  at 
altitude,  are  the  design  details  used  to  accomplish  it. 

The  distribution  and  mixture  adjustment  experience 
is  usable  on  cars,  but  it  is  obvious  that  the  high-speed 
lean  setting  would  not  give  proper  flexibility.  Oil 
economy  is  of  much  less  importance  from  the  weight 
standpoint,  but  it  is  carefully  watched  in  airplane  engines 
and  methods  for  producing  proper  results  in  them  will 
be  useful  in  car  design.  Accommodating  the  oil  supply 
to  the  load,  which  is  very  essential  in  airplane  engines, 
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has  produced  schemes  for  the  interconnection  of  the 
throttle  with  the  oil-pressure  regulator  that  may  find 
their  way  into  cars  of  the  higher  grades. 

It  is  a  well-known  fact  that  first  cost  has  been  largely 
overlooked  in  war  airplane  engine  design  where  there  was 
any  military  advantage  to  be  gained  by  so  doing.  Such 
neglect  obviously  has  not  tended  to  produce  design 
detail  that  could  be  used  in  cars,  where  first  cost  is  of 
great  importance. 

Flexibility,  or  more  particularly,  speed-range  at  full 
load,  is  relatively  unimportant  in  an  airplane  engine 
which  operates  in  the  upper  20  per  cent  of  the  possible 
range  with  a  given  propeller  for  at  least  90  per  cent  of 
the  time  it  is  at  work.  Flexibility  being  sacrificed  to 
economy  through  the  remainder  of  the  range,  it  is  obvious 
that  we  can  learn  nothing  from  airplanes  in  connection 
with  this  car  essential. 

In  airplane  service  the  noise  of  the  propeller  and  the 
open  exhaust  drown  out  the  mechanical  noises  of  even  the 
least  quiet  engines.  Until  these  are  eliminated,  and  there 
seems  to  be  no  prospect  of  getting  rid  of  the  propeller 
noise,  airplane  engines  will  continue  to  rattle  and  "slap" 
in  a  way  that  would  drive  the  average  car  user  to  dis- 
traction. 

Results  of  Airplane  Design  and  Construction 

A  summing  up  of  all  this  evidence  indicates  that  there 
is  very  little  ground  for  assuming  that  airplane  experi- 
ence will  suddenly  and  immediately  revolutionize  cars. 
Market  conditions  being  right,  we  may  see  an  increase 
in  the  use  of  aluminum.  If  aircraft  are  commercialized 
to  an  extent  that  demands  volume  production  of  en- 
gines, we  may  develop  methods  of  making  the  minimum 
section  t3rpe  of  lightness  that  will  make  this  practice 
usable  in  cars.  There  may  be  an  increased  tendency  to- 
ward overhead  valves  and  camshafts  if  the  mechanism 
involved  can  be  made  sufficiently  inexpensive  and  quiet. 
There  are  possibilities  of  minor  improvements  in  car- 
buretion  and  oil  control  and  in  some  other  details. 

I  believe,  however,  that  the  most  important  contribu- 
tion which  the  airplane  has  made  to  the  automobile  is  the 
stimulus  to  the  thought  of  the  industry  as  a  whole  that 
has  resulted  from  the  study  of  its  design  and  manufac- 
turing problems.  Our  war  experience  has  set  engineers 
to  dreaming  of  ways  to  produce  a  light-weight  result  at 
moderate  expense.     It  has  taught  an  increased  respect 
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for  good  metallurgical  practice  as  a  necessary  factor  in 
successful  design  and  manufacture.  It  has  given  the 
average  manufacturer,  who  engaged  in  airplane  engine 
building,  a  new  conception  of  the  value  of  high-grade 
workmanship  and  of  the  small  margin  of  cost  that,  in 
many  cases,  separates  it  from  the  ordinary  variety.  I 
should  say  that  in  setting  up  new  ideals  of  design  and 
workmanship  for  the  industry  to  strive  toward,  this  study 
has  given  us  an  inspiration  of  far  greater  value  than  any 
design  details  could  possibly  yield. 

THE  DISCUSSION 
J  G  Vincent: — I  believe  the  most  significant  thing  in 
connection  with  this  paper  and  the  two  immediately  pre- 
ceding by  Messrs.  Marmon  and  Crane  is  the  fact  that 
three  thoroughly  experienced  automobile  engineers  who 
have  played  a  leading  part  in  aircraft  development  during 
the  war  have  written  entirely  independent  papers  on  prac- 
tically the  same  subject  without,  so  far  as  I  can  find,  a 
single  note  of  disagreement.  If  I  had  written  an  inde- 
pendent paper  on  this  same  subject  I  would  have  covered 
exactly  the  same  subject  matter  and  made  exactly  the 
same  statements,  so  that  I  am  naturally  in  agreement 
with  all  the  statements  of  these  three  gentlemen.  I  be- 
lieve that  these  papers  are  particularly  well  written,  and 
I  think  there  is  very  little  room  for  discussion.  I  believe 
a  careful  consideration  of  these  papers  by  our  members 
will  probably  save  a  lot  of  trouble  and  unnecessary  ex- 
perimental expense. 
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HIGHSPEED  HIGH-EFFICIENCY 
ENGINES 

By  D  McCall  White 

ENGINEERS  have  different  ideas  regarding  highly  ef- 
ficient and  moderately  efficient  engines,  but  design- 
ers dare  not  ignore  the  fact  that  the  public  requires  today 
a  small  very  high-speed  engine,  with  good  torque  at 
low  speeds,  and  capable  of  revolving  efficiently  at  very 
high  speeds.  These  two  characteristics  are  difficult  to 
attain,  since  in  practice  one  is  really  opposed  to  the 
other.  To  obtain  high  speeds  with  power,  the  valve 
areas,  valve  parts,  carbureter,  etc.,  should  not  be  re- 
stricted in  any  way,  while  to  get  a  good  mixture  at  low 
speed  with  heavy  torque  means  a  different  valve-set- 
ting and  more  or  less  restricted  port  and  valve  areas, 
etc.,  to  secure  high  gas  velocities. 

The  author  states  that  the  fundamentals  of  high- 
speed engines  are  high  volumetric  efficiency;  high 
compression,  to  aid  in  obtaining  rapid  combustion  at 
high  speeds,  and  light  reciprocating  and  rotating  parts, 
to  secure  high  mechanical  efficiency.  This  is  followed 
by  a  close  comparative  study  of  details  of  design  and 
construction.  In  the  course  of  the  discussion  attention 
is  given  to  materials  and  other  details  of  general  man- 
ufacturing. The  application  of  the  engine  under  dis- 
cussion to  such  uses  as  searchlights,  captive  balloons, 
tanks  and  tractors,  is  illustrated.  Many  photographs 
and  charts  are  used.  One  interesting  table  shows  the 
influence  of  the  amount  of  lubrication  on  the  brake- 
horsepower  developed  by  engines. 

Engineers  have  different  ideas  regarding  engines 
of  high  efficiency  and  moderately  efficient  engines. 
For  very  high-speed  engines,  the  designer  must  not 
lose  sight  of  the  fact  that  what  the  public  requires 
today  is  a  small  engine  which  has  good  torque  at 
low  speeds  and  is  capable  of  revolving  efficiently 
at  very  high  speeds.  These  two  points  are  difficult 
enough  to  attain  together,  as  one  is  really  opposed  to 
the  other  in  practice,  due  to  the  fact  that  to  obtain  high 
speeds  with  power,  the  valve  areas,  valve  ports,  carbu- 
reter, etc.,  must  not  be  restricted  in  any  way  whatever; 
while,  to  obtain  a  good  mixture  at  low  speeds  with  heavy 
torque,  means,  first,  a  different  valve-setting,  and,  sec- 
ond, more  or  less  restricted  port  and  valve  areas,  etc.,  to 
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give  high  gas  velocities.  If  one  adds  to  the  above  com- 
plications the  fact  that  it  is  also  required  that  the  mod- 
em valve  gear  be  silent,  the  proposition  is  one  which  calls 
for  considerable  thought  and  ingenuity. 

Briefly  stated,  the  fundamental  of  high-speed  engines 
is  as  follows: 

High  mean  effective  pressures  at  high  speeds,  which 
depend  upon:  (a)  high  volumetric  efficiency;  (6)  high 
compression  to  aid  in  obtaining  rapid  combustion  at  high 
speeds,  and  (c)  light  reciprocating  and  rotating  parts  to 
obtain  high  mechanical  efficiency. 

It  is  only  a  few  years  since  engines  were  designed  with 
a  maximum  power  at  1200  to  1500  r.p.m.,  although  some 
designers  had  the  forethought  to  consider  that  it  was 
possible  to  attain  very  high  engine  speeds  indeed,  and  to- 
day this  is  an  accomplished  fact. 

The  high-speed,  high-efficiency  engine  of  today  must 
be  designed  very  carefully  indeed  to  obtain  good  results, 
as  one  slip  will  spoil  the  whole  design  entirely.  We  have 
all  lengths  of  stroke  to  bore  ratios,  but  in  my  opinion  the 
stroke -bore  ratio  should  be  between  1.5  to  1  and  1.625  to 
1,  because  one  can  obtain  all  the  power  required  without 
having  a  very  unwieldy  and  heavy  engine. 

It  should  also  be  considered  that  there  are  more  fas- 
tidious purchasers  than  ever  today,  and  therefore  there 
must  be  no  doubt  whatever  that  the  engine  will  be 
practically  free  from  vibration  and  most  sweet,  silky 
and  silent  when  delivering  power.  In  short,  the  sale- 
able article,  it  appears  to  me,  is  the  one  which  has  small 
size  coupled  with  great  power  and  is  neat  and  compact  in 
design,  with  the  requisite  silence.  There  is  nothing  that 
pleases  the  owner  more  than  this  combination. 

I  have  mentioned  many  times  that  a  bore  of  ap- 
proximately 90  mm.  is  about  the  maximum  cylinder  size 
for  high-speed  work,  and  after  that  I  certainly  believe 
multiplicity  of  cylinders  should  commence. 

Mean  Effective  Pressures 

In  my  opinion  it  is  quite  useless  to  think  of  designing 
an  engine  to  cope  with  the  present-day  market  unless  it 
can  develop  power  up  to  from  2500  to  8500  r.p.m.  or 
over,  smoothly  and  quietly.  The  power  must  be  good  and 
a  touring  car  engine  of  today  must  be  capable  of  carry- 
ing a  mean  effective  pressure  of  from  80  to  100  lb.  per 
sq.  in.  relative  to  the  brake  horsepower,  up  to  2200  r.p.m. 
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R.p.m. 

Brake  Horsepower  and  Mean  EiprBXTrivB  Pressure  Curves  for  a 

Four-Cylinder  Engine  Having  an  L-Hbad  Exhaust  Valve  with 

A  Single  Intake  Valve  Dirsctlt  Above 


at  least.  A  power  and  mean  effective  pressure  curve  of 
a  12-hp.  Napier  engine  designed  in  1911,  having  one  L- 
head  exhaust  valve  and  one  overhead  intake  valve  imme- 
diately above,  might  be  of  interest.  This  engine  was  a 
four-cylinder,  2  11/16 -in.  bore  by  5-in.  stroke,  and  showed 
a  mean  effective  pressure  relative  to  the  brake  of  98  lb. 
per  sq.  in.  at  1400  to  1800  r.p.m.  and  a  maximum  of  83 
b.hp.  at  2600  r.p.m.  It  was  fitted  with  a  muffler 
but  naturally  pulled  more  power  without  the  muffler.  It 
had  a  two-jet  carbureter  of  my  own  design.  The  crank- 
shaft had  two  bearings  and  forced  lubrication  through- 
out.   A  mean  effective  pressure  and  power  curve  of  the 
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standard  Cadillac  eight-cylinder  engine,  run  up  to  the 
very  high  speed  of  8750  r.p.m.,  is  of  considerable  in- 
terest. 

The  accompanying  table  shows  the  bore  and  stroke  of 
seven  different  engines  with  the  revolutions  per  minute 

Speed    Mean  effective  pressure. 


»re,inm. 

Stroke,  mm. 

r.p.m. 

lb.  per  sq.  in, 

68.0 

127 

2,400 

89.0 

68.0 

127 

2,000 

97.5 

82.5 

127 

1,200 

82.5 

89.0 

127 

1,200 

79.5 

96.0  « 

130 

1,200 

127.0 

80.0 

130 

3,000 

103.0 

80.0 

130 

2,400 

104.0 

and  mean  effective  pressure  relative  to  the  brake,  which  I 
obtained  from  them  some  few  years  ago. 

Volumetric  Efficiency 

To  design  a  successful  high-speed  engine,  it  is  de- 
sirable that  the  compression  should  be  fairly  high  in 
order  to  get  rapid  combustion  at  high  speeds;  the  clear- 
ance space  should  approximate  21  per  cent  of  the  total 
volume.    A  compression  curve  of  the  Cadillac  eight-cyl- 
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inder  engine  will  be  of  interest  as  showing  how  the  com- 
pression pressure  is  maintained  at  over  90  lb.  from  800 
to  2000  r.p.m. 

A  very  simple  and  easy  method  of  measuring  the  com- 
pression pressure,  as  well  as  the  maximum  pressure  in 
an  engine  cylinder,  is  by  the  use  of  the  Okill  indicator,  an 
English  instrument  which  we  have  found  to  be  very 
satisfactory. 


Digitized  by 


Google 


166  THE    SOCIETY    OF    AlTTOMOnyE    ENGINEEBS 

The  high-speed  engine  might  be  likened  to  an  air  com- 
pressor, as  the  great  point  is  to  get  the  charge  into  the 
cylinders  and  thus  obtain  the  highest  possible  volumetric 
dBciency.  Much  can  be  accomplished  by  considering  the 
shape  and  smoothness  of  the  pipes,  eliminating  bends  and 
elbows,  and  particularly  careful  design  of  valve  ports, 
seats,  etc.,  and  their  cooling.  As  is  well  known,  the  volu- 
metric efficiency  is  entirely  dependent  upon  port  area, 
large  carbureters,  large  valves,  etc.,  but  coupled  with 
these  advantages  is  the  obvious  difficulty  of  securing 
proper  carburetion  and  of  starting  in  cold  weather,  the 
former  affecting  the  acceleration  to  a  very  great  degree. 
As  cold  wealther  occurs  every  year,  it  is  highly  important 
that  precautions  be  taken  by  designers  so  that  their  en- 
thusiasm for  maximum  power  does  not  overstep  the 
bounds  of  proper  carbureter  size,  etc.,  in  order  to  get  a 
combination  of  highly  satisfactory  running  both  summer 
and  winter. 

Much  has  been  done  in  heating  intake  manifolds,  and 
I  propose  to  deal  with  this  point  later.  The  difference 
on  a  Cadillac  eight-cylinder  engine  in  1915,  when  using 
a  1%-in.  as  against  a  1%-in.  intake  manifold,  is  brought 
out  in  one  of  the  curves  reproduced.  It  will  be  noted 
that  the  power  is  increased  right  up  the  line  from 
1200  r.p.m.  and  is  about  the  same  at  lower  speeds. 

Multiple  Intake  Valves 

Regarding  high  volumetric  efficiency,  we  have  heard 
a  great  deal  on  the  question  of  multiple  valves.  I  do 
not  know  whether  it  is  generally  known  that  a 
group  of  three  intake  valves  was  used  in  the  English 
Napier  car  in  1909.  If  I  remember  correctly,  this  feature 
was  described  in  The  Autocar  about  that  time.  Much 
has  been  heard  of  the  overhead  valve,  and  many  types  of 
overhead  valve  systems  have  been  used.  We  have  seen 
racing  cars  with  overhead  camshafts  driven  by  bevel,  spur 
or  spiral  gears,  etc.,  and  other  valve  systems  with  the 
camshaft  below  and  push-rods  with  rockers  operating  the 
valves  above,  but  I  do  not  believe  that  it  is  possible  to 
design  a  satisfactory  and  quiet  overhead  valve  mechanism 
with  a  combination  of  rocker-arms  and  overhead  cam- 
shafts, because  of  the  difficulty  in  obtaining  quiet  en- 
gines. On  the  other  hand,  we  have  a  quieter  system  with 
the  camshaft  below  and  push-rods  coupled  with  rocker- 
arms  operating  the  valves  above,  but  I  believe  that  the 
inertia  of  this  valve  mechanism  would  be  so  great  as  to 
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almost  debar  it  as  the  kind  of  valve  gear  that  should  be 
designed  for  a  high-speed  engine. 

Valve  Gear  Types 

When  all  is  said  and  done,  there  is  a  great  deal  to  be 
said  for  the  L-head  tyi)e  of  engine,  because  the  valve  gear 
can  be  kept  down  very  light  indeed,  very  good  sized  valves 
can  be  used,  and  it  is  a  fact  that  this,  up  until  the  mo- 
ment, is  the  quietest  type  of  valve  gear  which  can  be 
used  in  the  touring  car  engine.  It  is  true  that  the  en- 
gine fitted  with  overhead  valves  when  properly  designed 
should  pass  approximately  25  per  cent  more  gas  than  the 
L-head  engine,  although  a  well  designed  L-head  engine 
uses  about  75  per  cent  of  the  circumference  of  the  valve, 
while  with  the  T-head  engine  only  about  50  per  cent  of 
the  circumference  of  the  valve  is  effective.  Where  mul- 
tiple valves  are  used,  it  is  very  easy  to  see  by  simple 
cidculation  that  the  f rictional  resistance  offered  by  double 
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valves  and  ports  is  approximately  80  to  35  per  cent 
greater  than  that  of  a  single  valve  and  port  of  the  same 
area. 

On  the  question  of  the  in^-tia  of  valve  mechanism  gen- 
erally, in  the  Cadillac  eight-cylinder  high-speed  engine 
of  today  v^e  are  obtaining  engine  speeds  on  the  road  of 
v^ell  over  300  r.p.m.  and  have  records  of  3550  and  3850 
■  r.p.in«  road  performance.  If  one  considers  that  at  8000 
r.p.m.  the  time  taken  to  open  and  close  one  of  the  valves 
is  0.0125  sec.  at  8550  r.p.m.  0.0106  sec.,  and  3850  r.p.m. 
0.0098  sec.,  one  sees  that  in  a  very  high-speed  engine  the 
time  allowed  for  a  valve  to  open  and  close  is  extremely 
short. 

At  various  times  there  have  been  discussions  regarding 
the  different  angles  for  valve  seats,  and  if  one  takes  a 
seat  of  50-deg.  angle  having  a  supposed  lift  of  ^  in., 
this  will  give  a  valve  area  across  the  narrowest  portion 
of  only  72  per  cent  of  %  in. ;  while,  if  the  valve  seat  hav- 
ing the  same  width  of  seat  as  the  50-deg.  seat  is  80  deg., 
this  gives  87.5  per  cent  of  ^  in. ;  while  the  30  deg.  seat 
narrowed  down  to  around  1/16  in.  gives  the  same  amount 
of  y^  in.,  but,  of  course,  gives  a  larger  valve  bore,  thus 
decreasing  the  velocity  through  the  bore  itself. 

Valve-Timing 

The  valve-timing  of  an  engine  has,  of  course,  consider- 
able effect  on  the  power,  not  only  at  low  but  also  at  high 
speeds.  We  ran  some  power  curves  on  the  Cadillac  1916 
eight-cylinder  engine  at  that  time,  all  of  these  tests  being 
run  with  the  same  engine,  and  the  superposed  curves  are 
reproduced.  The  following  timing  is  that  given  in  the 
chart. 

Inlet  Inlet         Exhaust     Exhaust 

opens  closes  opens  closes 

Standard  timing  3M9'( A)  47**  29' (A)  46**B6'(B)  3*    7' (A) 

No.  0  timing  1*»B2'(A)  3r22'(A)  47**B2'(B)  1M9'(A) 

No.  1  timing         2**  ..  (B)  32M9'(A)  47*»  ..  (B)   riO'(A) 

No.  2  timing  1*»22'(A)  33''    7' (A)  43**30'(B)  2**..  (A) 

Inspection  of  these  superposed  power  curves  will  show 
a  slight  gain  up  to  1000  r.p.m.  in  favor  of  the  last  ttiree 
valve-timings,  but  after  that  point  there  is  a  slow  and 
steady  loss  up  to  2400  r.p.m.,  where  there  is  a  sudden 
break  in  the  curves,  while  the  curve  run  with  the  stand- 
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ard  timing  shows  practically  no  loss  of  power  up  to 
about  2800  r.p.m. 

Pistons 

I  have  already  laid  considerable  stress  on  the  weight  of 
the  valve  mechanism,  and,  of  course,  it  is  well  known 
that  the  pistons  should  be  as  light  as  possible.  I 
have  tried  various  designs  of  piston,  including  alumi- 
num, steel  and  cast  iron  of  different  shapes,  and,  so 
far  as  the  touring  car  engine  is  concerned,  I  have  not 
found  either  the  aluminum  or  steel  pistons  to  be  satis- 
factory. In  the  first  place,  it  is  necessary  to  give  both 
aluminum  and  steel  pistons  very  large  clearance  to  in- 
sure quiet  running  and  satisfactory  performance  of 
the  engine.  Where  aircraft  engines  or  engines  which  are 
continually  running  at  high  speeds  are  concerned,  it  is 
possible  that  the  aluminum  pistons  are  entirely  satis- 
factory, so  far  as  clearances  are  concerned,  but  there  is 
no  doubt  in  my  mind  that  owing  to  the  intense  changes 
of  temperature  in  any  engine  the  aluminum  pistons  are 
apt  to  be  eaten  away  in  very  little  time.  An  aluminum 
piston  after  a  60-hr.  test  on  a  Liberty  Twelve  engine  is 
shown.  This  is  considerably  corroded  and  is  merely  an 
example  of  the  effect  of  continuously  changing  tempera- 
ture or  quality  of  mixture  on  an  aluminum  alloy.    The 


Digitized  by 


Google 


170  THB    SOCIETY    OP    AUTOMOTIVE    ENGINEERS 

lightest  form  of  cast-iron  piston  that  I  have  been  able 
to  develop  to  date  is  also  shown,  the  weight  being  15  oz. 
and  the  diameter  8%  in.  The  surface  above  the  wrist- 
pin  tad  below  the  bottom  groove  was  insufficient  and  the 
piston  wore  rapidly  at  that  point. 

Before  leaving  the  interesting  subject  of  pistons,  let 
me  mention  that  in  multiple-cylinder  high-speed  engines 
with  relatively  small  bores  and  large  superficial  area  of 
combustion  chamber  walls,  it  is  highy  important  to  pre- 
vent the  water,  which  is  ever  present  during  combustion, 
and  the  gasoline,  when  an  enriching  carbureter  device  is 
used  for  starting  in  cold  weather,  from  getting  past  the 
pistons  into  the  crankcase,  thereby  causing  stoppage  of 
lubrication  by  the  water  becoming  frozen,  or  corrosion 
of  parts,  such  as  ball  bearings  and  distributor  breaker- 
points,  where  these  latter  essentials  are  included  in  the 
design  of  the  engine,  crankpin  journals  and  mainshaft 
bearings.  This  menace  cannot  be  too  seriously  consid- 
ered and  the  only  remedies  lie  in  the  accuracy  of  piston 
and  cylinder  fits  and  proper  piston  lubrication,  both  of 
which  go  hand  in  hand  with  cast-iron  pistons  in  cast-iron 
cylinders.    The  table  of  piston  clearances  given  on  page 


A    LiBERTT-TWELVB    ALUMINUM     ALI.OT    PiSTON    SHOWINO    THB    COR- 
ROSION   RESULTINQ    from    THB    CONTINUOUS    CHANGING    OF    TBMPBRA- 

TURB  AND  Quality  of  thb  Ajr-Fuel  Mixturb 


Digitized  by 


Google 


HIGH-SPEED   HIGH-EFFICIENCY   ENGINES  171 


A  Cast-Iron  Piston  Wbiohino  15  Oz.  Which  Work  Rapidly  abovb 

THB  Wrist-Pin  and  Below  the  Bottom  Groove  Due  to  Insufpi- 

ciBNT  Metal 

175  will   be   of   interest   as   bearing   upon   the   above 
points. 

Valve  Material 

The  material  used  in  valves  is  very  important  indeed. 
In  England,  about  1913,  when  working  with  engines 
turning  up  as  high  as  8800  r.p.m.,  I  used  materials  hav- 
ing the  following  analyses  according  to  the  speed  at  which 
the  engine  was  to  run : 

Speed,  r.p.m 3,800  8,000 

Per  cent  Per  cent 

Carbon   0.400  0.320 

SiHcon  0.140  0.100 

Sulphur 0.030  0.080 

Phosphorus   0.035  0.037 

Manganese  0.650  

Nickel 5.000  3.000 

While  both  analyses  were  satisfactory,  we  always  had 
more  or  less  trouble  with  warping  and  consequent  com- 
pression leakage,  etc.  The  analysis  of  the  valves  used  in 
the  Cadillac  eight-cylinder  should  be  of  interest,  as  we 
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have  practically  no  trouble  so  far  as  our  valves  are  con- 
cerned.   The  accompanying  analyses  are  used : 

Intake  Valve  Exhaust  Valve 

Per  cent  Per  cent 

Carbon   0.690  0.560 

Manganese   0.320  0.350 

Sulphur   0.012  0.016 

Chromium    . .  t 1.080  3.060 

Tungsten   2.150  13.840 

Vanadium 0.080  

Silicon 0.150  0.170 

Nickel 0.150  0.120 

Necessity  for  Forced  Lubrication 

High  speeds  or  continued  speeds  under  high  power 
cannot  be  maintained  satisfactorily  without  the  use  of 
forced  lubrication.  We  had  one  example  before  us 
not  very  long  ago  in  connection  with  the  Liberty 
engine,  where  an  attempt  had  been  made  to  feed  the 
connecting-rod  crank-pin  end  bearings  by  oil  thrown  from 
the  main  bearings.  This  proved  entirely  unsatisfactory 
after  tests  carried  out  by  H.  M.  Crane  of  the  Wright- 
Martin  Aircraft  Corporation,  John  Wilkinson  of  the  H. 
H.  Franklin  Mfg.  Co.  and  myself,  and  was  abandoned  by 
agreement  with  the  Government  engineers  in  favor  of 
forced  feed.  It  is  very  necessary  that  a  large  volume  of 
oil  should  be  pumped  under  pressure,  not  merely  a  small 
one,  and  there  should  always  be  reservoirs  with  separate 
leads  to  the  bearings. 

The  lubrication  of  Cadillac  eight-cylinder  engines  is  by 
oil  under  pressure.  A  supply  of  oil  is  carried  in  the  oil- 
pan  A  and  is  drawn  through  the  pipe  B  by  the  pump  C 
and  forced  through  the  supply  pipe  D  to  the  main  bear- 
ings E,  F  and  G.  The  connecting-rod  bearings  H,  /,  K 
and  L,  on  the  crankshaft,  are  lubricated  by  oil  from  the 
main  bearings  forced  through  holes  drilled  in  the  crank- 
shaft. The  pressure  of  the  oil  is  regulated  by  an  over- 
flow valve  or  pressure  regulator  M,  containing  a  valve 
under  spring  tension.  When  the  pressure  for  which  the 
valve  is  set  is  reached,  it  is  forced  open  and  the  oil  over- 
flows past  the  valve.  A  small  hole  drilled  in  the  regu- 
lator housing  allows  oil  to  by-pass  the  valve  when  it  is 
seated.  Oil  flowing  through  the  by  pass  and  forced  past 
the  valve  is  carried  to  the  camshaft  bearings  and  power 
pressure  pump,  in  the  gasoline  system,  through  the  pipe 
R  above  and  parallel  to  the  camshaft.    The  forward  end 
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Forced  Lubrication   Ststbm   Usbd  on  a  Hiqh-Spbbd   Eioht- 
Cylinder  Passbnger-Car  Enqinb 

of  this  pipe  is  fitted  with  two  nozzles  from  which  oil 
flows  into  the  camshaft  sprockets  and  to  the  chains 
through  holes  drilled  in  the  camshaft  sprockets.  The 
cylinders  are  lubricated  by  oil  thrown  from  the  lower 
ends  of  the  connecting-rods.  There  is  one  gage  0  located 
on  the  instrument-board  and  one  indicator  P  in  the  lu- 
bricating system,  attached  to  the  upper  cover  of  the 
crankcase  near  the  carbureter,  which  shows  the  level  of 
the  oil  in  the  oil-pan  A. 

One  advantage  of  forced  lubrication  is  the  decrease  in 
frictional  losses.  Tests  made  with  varying  oil  pressures 
proved  that  the  engine  was  quieter  at  the  higher  pres- 
sure; and  the  frictional  horsepower  was,  with  high  oil 
pressure,  only  60  per  cent  of  that  without  pressure,  and 
72  per  cent  with  medium  pressure.  We  have  carried  out 
some  very  extensive  tests  on  the  Cadillac  eight-cylinder 
engine  at  high  speeds  and  have  been  able  to  maintain 
power  for  periods  extending  over  400  hr.  at  4000  r.p.m. 
without  adjusting  the  bearings  at  all.  In  addition  to 
this  we  have  been  able  to  maintain  maximum  power  at 
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A  Circular  Groovb  in  the  Center  op  the  Bearing   Acts  as  a 

Rbssrvoir  for  the  Oil  and  Serves  to  Distribute  It  Around  the 

Entire  Circumference 

8000  r.p.m.  for  12  hr.  without  stopping,  which  I  consider 
to  be  a  triumph  for  forced  lubrication. 

Some  years  ago  I  carried  out  tests  of  cast-iron  and 
aluminum  3^-in.  pistons  having  different  clearances, 
with  and  without  extra  oil  supply.  Table  1  shows  the 
results  obtained. 
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Oil  grooves  in  bearings  should  be  conspicuous  by  their 
absence,  so  far  as  the  ordinary  kind  of  groove  is  con- 
cerned. The  only  type  of  groove  which  I  would  favor  is 
a  circular  one  around  the  center  of  the  bearing,  which  is 
actually  a  reservoir  and  tends  to  keep  the  oil  completely 
around  the  circumference  of  the  bearing  so  that  it  can 
reach  every  part.  A  photograph  of  a  bearing  with  the 
groove  described  is  reproduced. 

I  consider  that  it  is  important  that  the  oil  pressure 
should  be  low  when  the  engine  is  throttled  and  increase 
with  the  speed.  I  have  found  this  to  be  very  satisfac- 
tory and  it  is  incorporated  in  the  Cadillac  eight-cylinder 
engine.  A  self-explanatory  curve,  plotted  between  oil 
pressure  and  revolutions  per  minute,  is  reproduced. 

Ignition 

The  most  important  factor  in  high-speed  ignition  is 
the  time  necessary  to  energize  the  induction  coil.  To 
compensate  for  this,  it  is  necessary  to  increase  the  flow 
of  current  or  lower  the  resistance  in  the  primary  circuit. 
In  doing  this  there  is  excessive  sparking  at  low  speed, 
which  oxidizes  the  contacts  and  increases  the  resistance, 
making  it  necessary  to  clean  contacts  at  very  short  inter- 
vals varying  from  1000  to  6000  miles.  The  duration  of 
contact  is  very  short  due  to  the  enormous  number  of 
sparks  per  second,  and  the  oxidization  mentioned  makes 
one  set  of  contacts  unsatisfactory  when  compared  with 
the  life  of  a  well  designed  multi-cylinder  high-speed  en- 
gine. 

In  view  of  this  my  company  started,  about  the  be- 
ginning of  1915,  a  continuous  endurance  run  on  three 
engines  to  see  which  part  would  wear  out  first.  This  run 
was  planned  to  have  a  duration  of  300  continuous  hr., 
and  we  found  that  it  was  absolutely  impossible  to  run 
more  than  13  hr.  at  2000  r.p.m.  with  the  ordinary  single- 
arm  breaker  used  on  the  first  t3i>e  of  eight-cylinder  Cadil- 
lac engine.  To  overcome  this  serious  objection,  we  built 
a  distributor  having  two  sets  of  contacts  in  parallel. 
Both  closed  and  opened  the  primary  circuit  simultane- 
ously, and,  as  each  set  carried  half  the  current,  the  arcing 
at  the  contacts  was  reduced  to  a  minimum.  Due  to  the 
tremendous  inertia  at  high  speeds,  the  contacts  when 
closing  are  inclined  to  chatter,  thus  causing  the  con- 
denser to  have  a  tendency  to  discharge  and  in  turn  pro- 
ducing arcing.  This  trouble  is  reduced  to  a  minimum 
with  two  sets  in  parallel,  as  they  do  not  chatter  in  syn- 
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chronism,  and  the  adjustment  is  not  delicate.  In  initial 
adjustment  one  set  opens  late  and  all  arcing  takes  place 
on  this,  causing  it  to  waste  away  until  it  is  in  step  with 
the  other  that  opens  first,  so  that  they  are  synchronized 
automatically.  This  arrangement  makes  it  possible  to 
operate  an  engine  at  a  higher  speed  than  any  other  at 
present  developed,  because  it  increases  the  time  to  build 
up  the  induction  coil  by  decreasing  the  resistance. 

After  this  test  we  were  able  to  increase  the  speed  of  our 
engine  up  to  4000  r.p.m.,  which  means  266  sparks  per 
sec.,  and  after  the  installation  of  the  two  contacts  in 
parallel,  we  were  able  to  riin  a  400-hr.  test  without  any 
ignition  trouble,  outside  of  occasional  change  of  spark- 
plugs. 

Two  sets  of  contacts  arranged  to  fire  alternately  have 
been  used,  but  this  makes  it  necessary  to  re-time  or  ad- 
just contacts  frequently,  as  half  of  tiie  cylinders  might 
be  late  in  firing,  which  would  cause  a  heated  engine,  and 
the  other  half  of  the  cylinders  might  fire  early,  causing 
premature  ignition  or  spark  knocking.  It  would  be  im- 
practicable to  enlarge  the  contact  area,  because  of  the 
inertia  at  high  speeds,  as  even  the  lightest  contact  ar- 
rangement is  too  heavy  for  high-speed  work.  If  there  is 
any  eccentricity  of  cams  and  looseness  of  bearings  with 
one  set  of  contacts,  these  errors  are  very  noticeable  in  the 
firing  balance  of  the  engine,  but  with  the  two  sets  of  con- 
tacts 180  deg.  apart  the  ignition  is  perfectly  synchronized, 
a  fact  which  is  very  noticeable  indeed  in  the  firing  bal- 
ance of  the  Cadillac  eight-cylinder  engine  on  block  test. 

I  believe  that  the  ignition  as  applied  to  the  eight-cyl- 
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inder  Cadillac  engine  has  been  brought  to  a  higher  state 
of  perfection  than  any  other  ignition. 

Some  self-explanatory  curves,  giving  degrees  of  spark 
'  advance  on  the  flywheel  relative  to  the  number  of  revolu- 
tions per  minute,  are  shown. 

One  can  appreciate  how  great  a  factor  is  the  inertia 
of  the  contacts,  when  it  is  stated  that  when  running  an 
eight-cylinder  engine  at  8000  r.p.m.  the  time  between 
contacts  is  0.0050  sec. ;  at  3650  r.p.m.,  0.0042  sec.,  and  at 
8850  r.p.m,,  0.0039  sec.  With  this  in  mind  it  can  readily 
be  understood  that  very  little  variation  can  be  allowed, 
so  that  we  prescribe  an  error  of  only  1  deg.  between  the 
cylinders  on  our  engine  at  all  speeds. 

^      General  Construction 

It  is  highly  important  that  whfen  engines  are  tumin|f 
fast  the  maximum  stiffness  should  be  obtained  in  cylin- 
ders, connecting-rods  and  crankshafts.  Above  all,  the 
crankcase  should  be  extremely  stiff  and  rigid  to  prevent 
weaving,  bearings  going  out  of  line,  etc.,  and  thus  caus- 
ing vibration  and  other  evils.  In  the  Cadillac  crankcase 
the  method  of  employing  reinforcing  webs  to  give  maxi- 
mum rigidity  is  employed. 

Carburetion  is  a  difficult  subject,  because  the  quality  of 
gasoline  is  rapidly  becoming  worse  day  by  day.  As  the 
public  becomes  more  critical  of  the  performance  of  an 
automobile,  the  difficulties  presented  to  the  engineer  be- 
come more  acute.  Undoubtedly,  more  heat  must  be  ap- 
plied to  the  manifolds  to  get  proper  and  satisfactory  car- 
buretion, assuming,  of  course,  that  distribution  is  correct. 
We  keep   our  manifold   temperature  around   170   deg. 


An  Example  of  the  Use  of  Reinforcinq  Ribs  to  Stiffen  the 
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Details  op  a  Cylindrr  Block  in  Which  thb  Exhaust  Manifold 
Is  Cast  Intbgrallt  with  It  and  is  Entirblt  Surroundbd  bt 
Watbr  Except  on  the  Top  Which  is  Nxdct  to  Intake  Manifoild 

f  ahr.  by  means  of  thermostatic  control.  The  thermostats 
are  located  in  the  water-pumps,  causing  valves  to  close 
or  open,  as  the  case  may  be,  and  thus  prevent  circulation 
of  water  through  the  radiator  when  the  temperature  is 
too  low.  This  has  been  very  satisfactory,  but  with  poor 
grades  of  gasoline  a  higher  manifold  temperature  must 
be  maintained.  Much  has  been  said  about  exhaust-heated 
manifolds,  but  these  require  extensive  study,  because  too 
much  heat  is  as  bad  as  too  little,  and  it  is  possible  to  lose 
much  power  at  the  higher  engine  speeds  unless  great  care 
is  taken. 

An  interesting  development  is  the  design  for  a  cylinder 
having  the  exhaust  cast  integrally  with  the  cylinder  block 
and  completely  surrounded  by  water  except  in  the  wall 
next  to  the  intake  manifold,  which  is  located  above  the 
exhaust  manifold.  The  idea  is  that  as  the  gases  whi/1 
the  heavier  molecules  are  thrown  against  the  intake 
manifold  walls,  and,  falling  to  the  bottom  wall,  are  im- 
mediately volatilized  by  the  heat  from  the  exhaust,  the 
remainder  of  the  gases  being  at  normal  water-jacket  tem- 
perature. I  designed  this  engine  in  1915,  and  it  was  ex- 
tremely successful,  although  never  put  into  production 
on  account  of  the  necessary  increased  radiator  capacity! 
This  design,  it  will  be  seen,  incorjwrated  the  *'hot  spot" 
manifold. 

Various  other  devices  are  in  use,  such  as  combined  in- 
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take  and  exhaust  manifolds,  but  many  of  these  are,  in 
my  opinion,  merely  makeshifts  to  overcome  bad  distribu- 
tion, which,  unfortunately,  is  so  prevalent  in  many  of 
our  engines  today. 

The  shuttered  radiator  also  is  a  satisfactory  layout, 
but  requires  considerable  development  owing  to  the  dan- 
ger of  the  shutters  freezing,  wind  pressure  causing  them 
to  remain  either  entirely  open  or  closed,  rattles,  etc. 

In  the  Cadillac  four-cylinder  1914-type  engine  an  elec- 
tric heating  element  was  used  in  the  carbureter.  This 
consisted  of  nichrome  ribbon  between  mica  sheets,  at- 
tached to  the  upper  surface  of  the  diaphragm  or  plate 
that  supports  the  venturi  tube.  The  gasoline  which 
condensed  in  the  intake  pix>e  and  mixing-chamber 
dropped  down  on  this  diaphragm  and  was  vaporized  by 
the  heater.  In  operation,  current  was  put  through  the 
heater  for  a  short  time  before  starting,  so  that  this  dia- 
phragm and  the  metal  of  the  venturi  tube  were  heated 
and  any  fuel  on  the  diaphragm  was  vaporized. 

Weight  of  Engines 

Since  the  advent  of  aircraft  engines  much  has  been 
learned  regarding  weight  reduction.  I  am  doubtful  if 
many  of  the  materials  used  in  aircraft  engines  will  ever 
be  used  in  automobiles  for  commercial  production,  but 
we  have  an  aluminum  engine  before  us  and  there  dees 
not  seem  to  be  much  doubt  that  in  time  we  shall  see  many 
of  these  on  the  road  and  that  possibly  automobile  en- 
gines will  come  down  to  around  4  or  5  lb.  per  hp.  We 
used  to  dream  of  7  and  8  lb.  with  all  accessories,  and  I 
have  great  hope  of  seeing  a  good  development  in  this  line. 

In  1909  I  designed  a  high-speed  four-cylinder  engine 
weighing  without  the  flywheel  5%  lb.  per  b.hp.  The  2y2- 
liter  Crossley  engine  weighed  4%  lb.,  neglecting  the  fly- 
wheel, while  the  3-liter  Vauxhall  in  similar  condition 
weighed  7^  lb.  per  b.hp.  and  the  Prince  Henry  Vaux- 
hall, 5  lb.  The  Cadillac  eight-cylinder  engine,  complete 
with  the  generator  and  without  any  flywheel,  weighs  8 
lb.  per  b.hp. 

Use  of  High-Speed  Engines 

During  the  war  the  high-speed  Cadillac  eight-cylinder 
engine  has  been  used  extensively,  and  I  have  collected 
a  few  photographs  illustrating  the  uses  to  which 
a  high-speed  engine  has  been  put.  One  of  these  is  a 
searchlight  outfit  developed  by  the  General  Electric  Co. 


Digitized  by 


Google 


An     11,000 -Lb,     Sbarchliqht    Outfit    Having    thb    Generatob 

Mounted  on  the  Chassis  with  the  Searchlight  on  a  Trailbb 

That  Is  Carried  on  the  Chassis  when  Not  in  Use 


A  British  Tank  Equipped  with  a  Six-Cylinder  Engine  Undbr- 

ooino  a  Test 
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through  its  engineer,  Henry  S.  Baldwin,  working  in  con- 
junction with  my  company.  A  generator  having  suffi- 
cient capacity  to  operate  a  60-in.  searchlight  for  war  pur- 
poses was  mounted  on  the  chassis.  We  believe  that  this 
is  the  largest  lamp  that  has  been  produced,  and  the  car 
has  been  thoroughly  tested  both  in  this  country  and  for 
about  6  weeks  in  France  prior  to  the  signing  of  the 
armistice.  We  have  records  which  show  that  it  has  never 
failed  to  meet  any  demands  made  upon  it  regarding 
power  and  structural  features,  and  all  things  considered 
it  is  probably  one  of  the  most  unique  and  successful  de- 
vices yet  manufactured.  It  weighed  about  11,000  lb.  less 
than  the  outfit  previously  used  for  the  same  purpose,  and 
the  vehicle  had  a  speed  of  45  to  50  as  against  a  former 
speed  of  15  to  20  miles  per  hr.  When  the  searchlight 
outfit  is  not  in  use,  the  trailer  carrying  it  is  pulled  on 
top  of  the  truck  chassis. 

Another  example  of  the  use  of  high-speed  engines  is 
in  connection  with  tractors.  The  2Vi-ton  artillery  trac- 
tor, into  which  was  fitted  the  Cadillac  eight-cylinder  en- 
gine, was  capable  of  traveling  at  a  maximum  speed  of  21 
miles  per  hr.  This  corresponds  to  an  engine  speed  of  8500 
r.p.m.  The  normal  speed  of  the  tractor  is  about  12 
miles  per  hr.,  the  engine  speed  on  high  gear  then  being 
2000  r.p.m.  The  other  gears  at  these  revolutions  gave 
speeds  as  follows:  First  speed,  3.86;  second  speed,  7  miles 
per  hr.  The  gear  ratios  are  as  follows,  the  total  reduc- 
tions being  between  the  engine  and  the  track  drive 
sprockets: 

Direct  or  high  speed — 13.01  to  1 
Intermediate  or  second  speed — ^22.26  to  1 
Low  or  first  speed — 40.50  to  1 
Reverse  speed-— 48.65  to  1 

A  tractor  fitted  with  a  Cadillac  engine  for  the  British 
Government  is  another  application.  Its  space  for  carry- 
ing loads  was  forward  of  the  radiator,  instead  of  the  load 
being  pulled,  as  in  the  case  of  the  2^2 -ton  Army  tractor. 
The  application  of  a  Buick  six-cylinder  engine  to  the 
same  chassis  under  test  is  illustrated. 

The  installation  of  a  high-speed  eight-cylinder  Cadil- 
lac engine  used  by  the  British  Government  in  conjunc- 
tion with  a  balloon  winch,  particulars  in  connection  with 
which  can  be  seen  from  the  photograph,  is  another  use. 

A  photograph  of  a  truck  chassis  fitted  with  a  Cadillac 
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An  Application  op  a  Hioh-Spked  Eioht-Ctlinder  E^^qinb  to  a 
Winch  por  a  Captthb  Balloon 

engine,  which  carried  a  load  of  2160  lb.,  besides  the 
driver  and  passenger,  from  Detroit  to  Washington,  is 
shown.  The  fuel  consumption  averaged  10.96  miles  per 
gal.  at  high  speed. 

A  high-speed  aircraft  engine  which  I  designed  in  1915 
is  illustrated.  This  engine  had  twelve  cylinders,  4  3/16- 
in.  bore  by  6-in.  stroke,  two  exhaust  and  two  intake 
valves  per  cylinder  and  three  carbureters  mounted  in  the 


A   Truck   Chassis    Equipped    with    an    Eiqht-Ctlindbr   Enqin* 

Which  Casrisd  a  2160-La.  Load  from  Detroit  to  Washinoton  at 

High  Speed  with  a  Fuel  Consumption  of  0.0912  Gal.  per  Mile 


Digitized  by 


Google 


184  THE    SOCIETY    OF    AUTOMOTIVE    ENGINEERS 


A  Twblvb-Cyundkr  AiRCRxrr   Engine   Having   Two   Intakb  and 
Two  ElxHAUST  Valves  for  EIaoh  Cylinder 

center.  Owing  to  inability  to  obtain  battery  ignition, 
the  engine  was  tested  with  two  twelve-cylinder  mag- 
netos. The  engine  had  a  dry  crankcase,  two  oil-pumps 
with  a  cooling  system  and  a  geared-down  propeller,  as 
the  engine  was  designed  to  pull  350  hp.  at  2400  r.p.m.  It 
weighed  with  cast-iron  cylinders  1000  lb.,  which,  of 
course,  amounts  to  8^/2  lb.  per  hp.  This  weight  could 
have  been  very  considerably  reduced  with  steel  cylinders. 

THE    DISCUSSION 

R.  K.  Jack  :  I  would  like  to  have  Mr.  White's  opinion 
as  to  the  suitability  of  using  the  slipper-tjrpe  piston  on  an 
airplane  engine  of  large  bore,  say  about  145  mm.  We 
ran  a  test  of  over  50  hr.,  using  aluminum  pistons  of  this 
type,  on  a  500-hp.  engine  a  few  months  ago,  and  at  the 
end  of  this  run  the  pistons  were  in  splendid  condition. 
The  conventional  type  did  not  show  up  so  well. 

Mr.  White:  It  may  be  that  this  slipper  type  of  pis- 
ton to  which  Mr.  Jack  refers  is  one  where  the  surface  on 
the  sides  is  materially  reduced,  like  the  old  steam  engine 
slipper  guide.  While  this  piston  might  be  lighter,  I  think 
it  would  be  difficult  to  keep  it  round,  especially  for  tour- 
ing car  work. 
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THE  STORY  OF  THE  UNITED  STATES 
STANDARD  TRUCK 

By  J  G  UtzI 

THE  United  States  was  practically  unprepared  in 
the  field  of  military  motor-transport  at  the  begin- 
ning of  the  war.  Due  largely  to  the  cooperation  of 
the  Society  of  Automotive  Engineers  and  its  members 
individually,  this  handicap  was  overcome  and  a  posi- 
tion stronger  in  this  respect  than  that  of  any  of  the 
other  belligerents  was  attained.  The  early  efforts  and 
the  cooperation  between  the  Society  and  the  various 
Government  departments  are  described,  especially  with 
reference  to  the  Quartermaster  Corps  which  at  that 
time  had  charge  of  all  motor  transportation. 

Regarding  the  Class  B  truck,  it  is  shown  that  the 
Society  acted  as  a  point  of  contact  between  the  various 
members  of  the  industry  and  the  War  Department 
and,  although  not  fostering  any  program  or  plan  of  its 
own,  it  was  largely  responsible  for  the  success  of  the 
standardization  program  conceived  and  carried  out  by 
the  Army.  This  standardization  program  has  been 
amply  justified  by  the  history  of  the  production  of  this 
truck,  as  well  as  by  the  record  it  made  in  this  country 
and  overseas.  The  advantages  and  the  absolute  neces- 
sity for  standardization  are  emphasized  by  the  fact 
that  214  types  of  vehicle  were  used  by  the  American 
troops  in  France.  The  absurdity  of  maintaining  and 
operating  such  a  heterogeneous  collection  of  vehicles 
is  obvious,  because  the  Army  motor-transport  could 
have  been  handled  by  a  total  of  fourteen  tjrpes. 

The  value  of  cooperation  between  the  Society  and 
Army  has  thus  been  amply  demonstrated.  This,  in 
itself,  emphasizes  the  necessity  for  even  greater  co- 
operation in  the  future. 

It  is  interesting  to  note  the  historical  fact  that  the 
British  Army  first  used  motor  trucks  in  1903,  thus 
giving  them  eleven  years'  experience  to  guide  them  when 
they  entered  the  war  in  1914. 

The  first  use  of  motor  trucks  by  the  United  States 
Army  was  in  January,  1912,  when  two  IV^-ton  trucks 
were  purchased  by  the  office  of  the  Quartermaster  General 
for  the  purpose  of  testing  them  out  and  determining  their 
fitness  for  military  use.  From  results  obtained  in  these 
tests,  later  in  this  year  Lieut.-Ck)l.  C.  B.  Baker  began  to 

^Director  oi  engineering,  Standard  Parts  Co.,  Cleveland,  Ohio. 
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prepare  specifications  for  the  purchase  of  motor  trucks 
for  the  Army  after  having  first  communicated  with  sev- 
eral manufacturers  and  secured  their  suggestions  and 
recommendations. 

On  May  7,  1913,  the  first  specifications  for  l^/i-ton 
trucks  for  U.  S.  Army  use  v^^ere  issued,  and  from  these 
a  very  few  trucks  were  purchased.  These  specifications 
were  revised  and  reissued  on  March  31,  1915.  About  this 
time  the  Society  of  Automobile  Engineers,  inspired  by 
the  use  made  of  motor  vehicles  by  the  combatants  in  the 
great  world  war,  began  to  take  active  interest  in  the  use 
of  motor  transport  for  military  purposes,  and  some  corre- 
spondence passed  between  Past-presidents  Dunham  and 
Coffin  in  regard  to  the  Society  offering  the  Government 
its  cooperation,  not  only  in  the  preparation  of  specifica- 
tions, but  in  the  survey  of  the  industry  and  automotive 
equipment  already  in  use,  with  a  view  to  the  organization 
of  such  for  military  use  should  emergency  arise. 

On  April  28,  1916,  Colonel  Baker,  then  chief  of  trans- 
portation in  the  office  of  the  Quartermaster  General,  wrote 
the  Society  announcing  the  intention  to  issue  revised 
specifications  which  would  include  both  ll^  and  3-ton 
trucks,  and  requested  the  Society  to  cooperate  in  the 
preparation  of  these  specifications.  Colonel  Baker  was 
no  doubt  inspired  by  his  memories  of  '98,  when  the  Span- 
ish War  broke  out,  and  the  Transportation  Division  of 
the  Quartermaster  Corps,  had  to  rush  into  the  open 
market  and  purchase  a  heterogeneous  lot  of  wagons, 
with  all  the  attendant  difficulties  of  keeping  them  in 
repair.  Incidentally,  Colonel  Baker  was  instrumental  in 
standardizing  the  mule-power  Army  escort  wagon,  which 
today  has  simplified  the  interchangeability  of  wheels  and 
other  parts.  It  was  not  until  about  1906  that  all  the  non- 
standardized  wagons  purchased  in  1898  were  worn  out, 
the  U.  S.  A.  escort  wagon  remaining  the  standard. 

The  First  Conference 

On  May  8,  1916,  the  Society,  in  cooperation  with  the 
National  Automobile  Chamber  of  Commerce,  invited  about 
fifty  truck  manufacturers  to  send  their  engineers  to  the 
offices  of  the  Society  for  the  purpose  of  complying  with 
Colonel  Baker's  request.  This  meeting  was  presided  o/er 
by  the  late  Henry  Souther,  then  consulting  engineer  for 
the  Signal  Corps,  who  acted  for  President  Huff  of  the 
Society.  After  a  broad  discussion  by  the  entire  body, 
a  representative  committee  of  truck  engineers  was  formed 
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for  further  cooperation  with  Colonel  Baker.  This  com- 
mittee consisted  of  the  engineers  of  five  companies  manu- 
facturing trucks,  five  companies  assembling  trucks,  and 
an  engineer  of  a  truck  factory  not  making  the  type  of 
truck  being  deliberated  upon.  The  members  of  this 
committee  were  as  follows : 

A.  L.  Riker Locomobile  Go.  of  America 

H.  D.  Church.  ^ Packard  Motor  Car  Co. 

W.  R.  Strickland Peerless  Motor  Car  Co. 

John  Younger Pierce- Arrow  Motor  Car  Co. 

L.  P.  Kalb Kelly  Motor  Truck  Co. 

B.  B.  Bachman Autocar  Co. 

G.  W.  Smith Nash  Motors  Co. 

W.  T.  Norton Selden  Motor  Vehicle  Co. 

£.  R.  Whitney Commercial  Truck  Co.  of  America 

A.  J.  Scaife White  Co. 

F.  A.  Whitten General  Motors  Truck  Co. 

The  committee  went  into  session  on  the  same  day  with 
Colonel  Baker  and  W.  M.  Britton,  engineer  for  Colonel 
Baker's  ofiice,  taking  up  various  points  in  the  specifica- 
tions which  Colonel  Baker  submitted.  On  account  of  the 
limited  time,  very  few  changes  were  made  in  the  speci- 
fications as  presented,  and  they  were  issued  in  June, 
1916. 

About  this  time  the  Government  placed  rush  orders 
for  the  first  large  quantities  of  trucks  that  it  had  used. 
These  were  for  use  on  the  Mexican  border,  and  the  bulk 
of  the  orders  were  given  to  about  four  companies,  they 
being  chosen,  evidently,  according  to  their  ability  to 
make  rapid  deliveries.  This  fact  is  peculiarly  interesting, 
as  it  was  with  these  trucks  that  the  ofiicers  of  the  Army 
obtained  their  first  large-scale  experience  with  motor 
transportation.  These  trucks  operated  under  most  severe 
conditions,  due  to  lack  of  roads,  lack  of  organization, 
and  unfamiliarity  of  officers,  drivers,  etc.,  with  motor 
problems.  This  service  constituted  the  most  severe  test 
to  which  trucks  could  be  put  on  so  large  a  scale. 

Thus  we  should  thank  Francisco  Villa  for  the  begin- 
ning of  the  Motor  Transport  Corps  of  the  U.  S.  Army. 
Fairly  complete  data  were  collected  of  the  performance  of 
these  trucks,  giving  an  interesting  record  of  the  short- 
comings of  conunercial  vehicles  in  army  service. 

On  July  31,  1916,  there  was  a  meeting  of  the  General 
Staff  Committee  on  Motor  Transportation  with  represent- 
atives of  the  automotive  industry.  Several  of  them  were 
prominent  members  of  this  Society.     At  this  meeting 
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the  subject  of  motor  transportation  was  discussed  in  a 
very  broad  way;  the  matter  of  types  of  vehicles,  the 
sources  of  supply,  specifications,  organization  of  truck 
companies,  training  of  drivers,  mechanics,  etc.,  being 
gone  into.  It  is  not  known  just  what  resulted  from  this 
meeting,  but  it  is  considered  one  of  the  important  steps 
in  the  cooperation  between  the  Army  and  the  members 
of  the  automotive  industry. 

The  Military  Truck  Committee  of  the  Society,  which 
had  been  appointed  on  May  8  to  cooperate  with  Colonel 
Baker  in  the  preparation  of  military  truck  specifications, 
was  later  formed  into  the  Truck  Standards  Division  of 
the  Standards  Committee,  its  principal  function  being 
continued  cooperation  with  the  Government  in  this  work. 
This  committee  continued  to  hold  meetings  from  time  to 
time,  preparing  an  ideal  military  truck  specification  which 
they  intended  to  submit  to  Army  authorities.  On  Oct. 
13,  1916,  tentative  specifications  were  submitted  to  the 
Standards  Committee  for  criticism,  and  these  were  dis- 
cussed and  revamped  at  several  meetings  following  this. 
On  Jan.  5,  1917,  a  conference  was  held  between  the  Motor 
Transport  Committee  of  the  War  Department  and  two 
chosen  representatives  of  the  Truck  Standards  Division. 
At  this  meeting  there  were  discussed  certain  fundamental 
matters  of  the  specifications  under  consideratiDn,  based 
on  Mexican  border  experiences. 

Preparation  of  New  Specifications 

A  little  later^  Colonel  Baker  informed  the  Society  that 
a  new  set  of  specifications  was  being  prepared  by  his 
office,  taking  into  consideration  recommendations  of  the 
Truck  Standards  Committee,  as  expressed  in  the  tenta- 
tive specifications  submitted  by  that  body.  He  asked  that 
Uie  members  of  the  committee  meet  him  in  Washington 
on  March  19  and  20,  for  the  purpose  of  discussing  and 
criticising  these  specifications  before  they  were  issued. 
This  meeting  was  held  at  the  time  mentioned,  at  which 
were  present  not  only  the  members  of  the  Truck  Stand- 
ards Division,  but  also  General  Manager  Clarkson  and 
the  chairman  of  the  Standards  Committee.  The  specifi- 
cations were  discussed  at  as  great  length  as  time  would 
permit.  .Members  of  the  Truck  Standards  Committee  made 
some  strong  exceptions  to  certain  points,  Colonel  Baker 
overruling  some  of  the  exceptions  and  concurring  in 
others.  Following  this  conference  there  were  published 
in  May,  1917,  Standard  Specifications  for  Class  A  and 
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Glass  B  gasoline  motor  trucks.  These  specifications, 
while  going  into  great  detail,  call  special  attention  to  the 
following  fundamental  items  which  were  considered  of 
vital  importance  for  military  trucks. 

(1)  Low  gear  reduction 

(2)  Large  size  engine 

(3)  Four-speed  transmission  with  very  low  first  speed 

(4)  Maximum  ground  clearance 

(5)  Demountable  tires  of  specified  size  and  composition 

(6)  Large  gasoline  tank 

(7)  Electric  lighting  system 

(8)  Three-point  engine  suspension 
(9 1  Locking  differential 

QO)  Best  quality  alloy  steel  springs 

(11)  Gage  of  wheels 

(12)  Large  radiator 

These  specifications  called  for  some  radical  features 
of  design  which  could  not  be  made  in  existing  models 
of  trucks.  However,  it  had  been  stated  a  number  of 
times  by  Colonel  Baker  and  other  representatives  of  the 
War  Department  that  it  was  not  the  intention  to  work 
a  hardship  on  the  motor  truck  industry,  but  that  the 
specifications  would  be  considered  an  ideal  which  would 
be  worked  toward  when  time  should  permit.  At  a  meet- 
ing on  April  6,  at  which  were  present  Secretary  of  War 
Baker,  Col.  C.  B.  Baker,  representing  the  office  of  the 
Quartermaster  Grcneral,  and  officials  of  the  National  Au- 
tomobile Chamber  of  Commerce,  this  principle  was  re- 
stated, and  it  was  announced  by  Colonel  Baker  that  he  was 
anxious  to  arrange  for  motor  vehicles  in  such  a  way 
that  it  would  disturb  as  little  as  possible  the  general  rou- 
tine work  of  the  automobile  factories.  It  was  also  stated 
that  early  requirements  would  be  cared  for  with  present 
types  of  trucks,  preference  being  given  to  those  most 
nearly  conforming  to  the  printed  specifications. 

In  the  light  of  the  past  eighteen  months'  experience, 
some  of  the  features  of  these  specifications  may  seem 
somewhat  ill  advised,  but  it  must  be  remembered  that  at 
that  time  our  sum  of  knowledge  in  regard,  to  military 
motor  transportation  was  very  much  smaller  than  it  is 
now,  and  the  experience  then  in  the  possession  of  our 
Army  had  all  been  gained  on  the  Mexican  border,  which, 
we  know  now,  furnished  quite  different  conditions  from 
those  that  obtained  on  the  western  front,  until  the  last 
few  weeks  of  the  war  furnished  some  bad  road  condi- 
tions. Although  there  were  a  number  of  engineers  who 
disagreed  with  the  specifications,  their  arguments  were 
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offset  by  the  fact  that  no  one  knew  on  just  what  front 
the  United  States  would  be  forced  to  fight,  and  it  was 
considered  advisable  to  issue  specifications  calling  for 
a  truck  able  to  meet  the  most  severe  conditions,  whether 
in  Russia,  Macedonia,  Italy  or  France. 

It  has  since  been  found  that  some  of  the  fundamental 
principles  of  these  specifications  were  based  on  incorrect 
premises.  Nevertheless,  it  can  be  stated  without  fear  of 
contradiction,  that  the  May,  1917,  specifications  were 
the  best  of  any  yet  produced,  and  marked  a  very  great 
step  in  the  way  of  cooperation  between  the  Army  and 
the  automotive  industry. 

About  this  time  we  declared  war  on  Grormany,  and  an 
inventory  found  our  Army  possessed  of  about  2400 
trucks.  The  Army  was  confronted  with  the  need  of  ade- 
quate motor  transport  and  its  twin  problem  of  immediate 
procurement. 

Production  Difficulties 

Immediately  after  the  issuing  of  the  specifications  a 
number  of  truck  manufacturers  took  steps  to  produce 
trucks  which  would  meet  the  most  important  if  not  all 
the  detailed  requirements  called  for  therein.  Those  com- 
panies producing  all  of  the  component  parts  of  their  own 
vehicles  found  this  no  insurmountable  task,  but  those  * 
organizations  buying  all  or  part  of  their  major  units 
were  met  by  the  fact  that  none  of  the  parts  companies 
had  produced  or  were  contemplating  the  production  of 
parts  to  meet  the  specifications.  Since  the  contemplated 
requirements  of  the  Army  were  going  to  be  so  great  that  | 
a  large  number  of  different  makes  of  trucks,  with  the 
attendant  repair  difiteulties,  would  have  to  be  pur- 
chased, it  was  evident  that  some  degree  of  standardiza- 
tion had  to  be  effected  or  the  repair  parts  depots  in 
France  would  be  swamped.  Since  the  Society  has  always 
been  the  exponent  of  standardization  and  presented  the 
only  clearing  house  for  automotive  engineers,  it  neces- 
sarily followed  that  it  should  be  called  upon  by  different 
members  for  assistance.  After  a  number  of  inquiries 
had  been  received  by  the  various  engine,  axle  and  trans- 
mission makers,  they,  of  course,  became  very  much  inter- 
ested in  this  proposition,  and  a  large  number  of  requests 
for  information  as  to  how  best  to  meet  the  specifications 
were  received  by  the  Society. 

On  May  3,  at  the  Quarterly  Meeting  in  Cleveland,  the 
Standards  Committee  ratified  the  Quartermaster  Corps 
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spteifications,  and  so  advised  Colcnel  Baker  in  a  let- 
ter prepared  on  that  date  and  signed  by  the  Chairman 
of  the  Standards  Ck)mmittee  and  General  Manager  Clark- 
son.  At  that  time  a  meeting  of  the  newly  formed  Trans- 
mission Division  was  held,  at  which  the  principal  topic 
of  discussion  was  proper  means  and  steps  necessary  to 
be  taken  in  order  to  meet  the  Government  specifications. 
On  May  14, 1917,  a  meeting  of  the  Truck  Standards  Com- 
mittee was  held  in  Washington  to  discuss  special  features 
called  for  in  the  specifications,  such  as  bumpers,  towing 
hooks,  air  cleaners,  magneto  brackets,  etc.,  which,  it 
was  felt,  should  be  standardized  and  made  interchange- 
able between  the  various  trucks  then  being  developed  to 
meet  the  specifications. 

On  June  2,  1917,  a  meeting  of  transmission  makers 
and  engine  makers,  as  well  as  of  the  engineers  of  a  few 
truck  factories,  was  held  in  the  Society  rooms  at  Wash- 
ington for  further  discussion  of  means  for  meeting  the 
specifications.  These  discussions  at  once  disclosed  the 
effect  that  the  work  of  these  two  groups  would  have  on  all 
of  the  other  parts  of  the  trucks,  and  on  June  14,  15  and 
16  further  meetings  were  held  at  the  Willard  Hotel  in 
Washington,  at  which  were  present  representatives  of  the 
axle,  universal-joint,  radiator,  bearing,  frame  and  spring 
makers.  Practically  from  the  first  of  these  meetings  the 
possibility  of  effecting  some  degree  of  standardization 
or  interchangeability  was  realized.  Some  of  the  trans- 
mission makers,  especially  those  who  had  not  previously 
produced  truck  transmissions,  were  in  favor  of  a  com- 
plete interchangeable  design,  while  the  makers  of  the 
other  important  units,  as  well  as  a  good  proportion  of 
the  transmission  makers,  favored  only  the  interchange- 
ability  of  entire  units.  In  other  words,  the  object  was 
for  each  parts  maker  to  design  and  produce  his  product 
in  such  a  manner  as  to  make  it  possible  to  replace  one 
make  with  another. 

This  was  at  that  time  considered  the  logical  course, 
as  it  did  not  affect  the  equipment  and  tools  of  various 
parts  manufacturers  to  so  great  an  extent  as  complete 
standardization  would  have  done;  further,  it  gave  some 
of  the  main  advantages  of  complete  interchangeability 
without  limiting  the  parts  maker  and  depriving  him  of 
the  possibility  of  improving  his  product.  It  can  be  seen 
that  up  to  this  time  the  matter  of  standardization  had 
sprung  up  almost  spontaneously  as  a  direct  result  of  the 
May  specifications.    It  is  not  believed  that  at  that  time 


Digitized  by 


Google 


192  THE    SOCIETY    OF    AUTOMOTIVE    ENGINEERS 

anyone,  unless  it  were  Col.  Baker,  had  any  idea  that 
this  work  would  lead  to  the  complete  design  and  the 
standardization  of  the  military  truck.  The  part  which 
the  Society  had  played  was  merely  that  of  an  agency 
bringing  together  the  various  engineers,  helping  to  co- 
ordinate their  work  and  to  assist  in  enlightening  all  of 
the  manufacturers  of  trucks  and  parts  in  the  best  way 
to  meet  the  specifications. 

Society  Discusses  Standardization 

At  the  summer  meeting  of  the  Society,  held  in  Wash- 
ington on  June  25,  26  and  27,  the  motor-truck  standard- 
ization proposition  had  assumed  considerable  proportions, 
and  whereas  in  previous  meetings  all  of  the  engineers 
had  been  divided  into  groups  considering  the  various 
parts,  with  whatever  truck  engineers  that  were  present 
acting  as  free  lances,  giving  advice  to  all  of  the  com- 
mittees, at  this  meeting  an  organization  of  the  truck 
engineers  was  effected.  It  was  considered  that  the  work 
of  the  various  parts  committees  had  proceeded  far  enough 
so  that  the  general  layouts  and  designs  of  the  chassis 
could  be  made.  The  work  up  to  this  time  was  mainly 
on  the  l^/^-ton  size  truck,  but  the  larger  size  was  always 
kept  in  mind  and  records  were  kept  of  all  the  progress  on 
anything  which  would  apply  to  the  larger  model. 

At  this  Washington  meeting  there  were  present  a 
number  of  the  engineers  of  the  so-called  old-line  truck 
builders,  and  some  concerted  opposition  to  the  program 
was  offered  by  them.  At  one  of  the  meetings  the  spokes- 
man for  this  group,  John  Younger,  objected  to  what  he 
called  piecemeal  standardization,  and  advocated  the  com- 
plete standardization  and  design  of  all  parts  of  the 
vehicle.  He  offered  to  give  the  benefit  of  his  experiences 
in  any  such  effort  as  this.  The  next  meeting  was  held  in 
Columbus,  Ohio,  on  July  9,  1917,  at  Ohio  State  Univer- 
sity. The  meeting  had  assumed  much  larger  proportions 
by  this  time,  and  the  chassis  committee  had  reached  such 
a  size  that  it  was  found  necessary  to  effect  a  permanent 
organization  and  arrange  for  meetings  to  be  held  sepa- 
rately from  the  other  groups.  A  meeting  of  this  com- 
mittee was  held  July  17,  1917,  in  Detroit,  and  good  prog- 
ress was  made  in  settling  some  of  the  fundamental  prin- 
ciples of  chassis  design. 

,    The  work  of  all  the  committees  had  progressed  to  such 
an  extent  that  it  was  thought  that  one  more  meeting 
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would  be  sufficient  to  wind  up  the  entire  matter,  and 
that  it  would  then  be  possible  to  put  the  work  of  all  the 
committees  down  in  black  and  white  and  issue  a  manual 
or  specification  by  which  all  parts  makers  or  truck  as-, 
semblers  would  be  guided.  This  meeting  was  called  for 
July  20,  1917,  at  Columbus,  Ohio.  Not  only  were  the 
members  of  the  various  committees  invited  to  this  meet- 
ing, but  a  special  invitation  was  given  also  to  at  least 
sixty  truck  manufacturers  to  have  their  executives  pres- 
ent, and  a  free  discussion  was  requested.  On  the  day 
previous  to  this  meeting,  the  representatives  of  some  of 
the  old-line  builders  met  at  the  Deshler  Hotel  in  Colum- 
bus, and  discussed  the  situation  as  it  seemed  to  affect 
their  companies.  It  was  the  consensus  of  opinion  of  all 
those  present  that  it  would  be  a  dangerous  experiment 
for  the  Government  to  proceed  with  the  program,  and 
George  Graham  of  the  Pierce-Arrow  Motor  Car  Co.,  was 
chosen  as  spokesman  to  present  their  views  to  the  meet- 
ing to  be  held  on  the  next  day. 

In  the  meantime,  the  members  of  Col.  Baker's  ofilce 
staff  had  a  vision  of  a  100  per  cent  standardized  truck 
— in  other  words,  a  complete  new  vehicle  to  be  designed 
in  the  War  Department  and  later  ordered  to  drawings 
and  specifications.  This  step  was  clearly  out  of  the 
province  of  the  Society,  as  it  would  immediately  involve 
engineering,  drafting  and  experimental  expense.  When 
Col.  Baker's  office  was  notified  of  this  condition  by  offi- 
cials of  the  Society,  his  office  decided  to  assume  the  bur- 
den. A  request  was  therefore  directed  to  Secretary  of 
War  Baker  for  an  appropriation  of  $175,000  to  be  granted 
to  Col.  Baker's  office  to  finance  the  cost  of  engineering 
and  construction  of  sample  trucks  for  further  considera- 
tion. The  appropriation  was  promptly  granted  and  Major 
(now  Brigadier-General)  G.  B.  Drake  and  Captain  Brit- 
ton  were  directed  to  travel  to  Columbus  to  notify  the  in- 
dustry at  its  meeting  of  the  new  move. 

At  the  meeting  General  Manager  Clarkson  gave  a  his- 
tory of  the  work  of  the  military  truck  standardiza- 
tion up  to  that  time,  after  which  Mr.  Graham  asked  for 
the  floor  and  presented  the  arguments  and  views  of  the 
various  truck  makers  who  were  opposed  to  the  standard- 
ization program.  Mr.  Younger  also  spoke  in  support  of 
these  remarks  and  several  other  members  spoke  in  defense 
of  the  program.  Major  Drake  and  Captain  Britton  were 
then  introduced.  The  former  spoke  somewhat  briefly 
and  expressed  the  appreciation  of  the  office  of  Quarter- 
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master  General  for  the  assistance  of  the  Society.  Cap- 
tain Britton  announced  the  decision  of  the  War  Depart- 
ment to  carry  out  the  complete  design  and  standardiza- 
tion of  Glass  A  and  B  War  Trucks. 

Wak  Department  Begins  Design  Work 

This  really  ended  the  official  connection  of  the  S.  A.  E. 
as  a  society  with  the  standardized  truck.  A  number  of 
the  engineers  who  had  cooperated  in  the  work  up  to  this 
date  were  later  asked  to  go  to  Washington  to  assist  in 
this  design,  the  greater  part  of  these  engineers  being 
called  to  Washington  to  commence  work  about  Aug.  1. 
It  must  be  remembered  that  all  previous  work  had  been 
done  on  such  items  as  attaching  brackets,  connecting 
flanges,  etc.,  the  object  being  interchangeability  of  units 
only;  although  a  great  deal  of  the  work  already  done 
was  of  value  to  the  work  which  followed,  there  was  a 
great  deal  more  work  to  be  done  than  had  been  done. 

The  new  work  in  Washington  was  greatly  handicapped 
at  the  beginning  due  to  lack  of  proper  quarters,  drawing- 
boards  and  other  facilities.  The  worst  handicap,  how- 
ever, was  the  lack  of  competent  direction  and  organiza- 
tion, there  being  no  definite  channels  of  authority  or  re- 
sponsibility. So  great  was  this  handicap  that  practically 
the  entire  month  of  August  was  spent  in  preliminary 
layouts  before  several  fundamental  principles,  such  as 
type  of  axle,  bore  and  stroke  of  engine,  location  of  clutch 
and  method  of  spring-shackle  lubrication  were  settled. 
In  order  to  correct  this,  a  Schedule  Committee,  with  A. 
W.  Copland  as  chairman,  was  formed,  consisting  of  the 
chairmen  of  the  various  groups.  The  nominal  object  of 
this  committee  was  to  set  time  schedules  for  the  comple- 
tion of  the  work  and  to  make  certain  the  meeting  of  these 
schedules.  To  accomplish  their  object  it  was  necessary 
for  this  committee  to  assist  in  making  some  important 
decisions,  which,  as  stated  above,  had  not  yet  been  made. 
From  this  on,  the  work  went  forward  rapidly  and  the 
Schedule  Committee  felt  able  to  set  Sept.  10,  1917,  as  the 
date  upon  which  the  design  should  be  completed. 

The  design  of  the  various  parts  was  practically  90 
per  cent  complete  on  this  date,  and  the  chassis  design 
was  finished  a  few  days  later.  By  Oct.  1  all  the  designs, 
details  and  checking  were  ready.  Oct  10  was  set  as 
the  date  for  the  completion  of  the  two  sample  trucks, 
and  one  was  actually  ready  three  days  ahead  and 
the  other  one  day  ahead  of  schedule.     The  total  time 
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elapsed  between  the  calling  together  of  the  engineers 
to  begin  work  and  the  completion  of  the  first  sample 
truck  was  sixty-nine  days,  a  very  creditable  record,  and 
one  which  has  never  been  equalled  in  the  motor-car 
industry. 

The  two  trucks  were  driven  overland  to  Washington, 
one  of  them  being  required  to  cross  the  Allegheny  Moun- 
tains in  the  first  snowstorm  of  the  year.  They  arrived 
in  excellent  condition,  and  the  engineers  and  drivers  who 
accompanied  these  trucks  expressed  great  satisfaction 
with  their  performance.  On  Oct.  19  the  trucks  were 
presented  by  Col.  Baker  to  Secretary  Baker  in  a  formal 
ceremony  at  the  State,  War  and  Navy  Building,  and 
were  afterward  driven  to  the  White  House,  where  they 
were  examined  by  President  Wilson. 

Quantity  Production  Commenced 

The  General  Staff  and  Secretary  Baker  having  au- 
thorized the  procurement  and  production  of  10,000  of 
these  Class  B  Trucks,  under  the  direction  of  Col.  Baker, 
it  became  necessary  to  proceed  rapidly.  Several  promi- 
nent men  from  the  industry  were  considered,  and  finally 
Quartermaster-General  Sharpe,  at  Col.  Baker's  request, 
practically  commandeered  the  services  of  Christian  Girl. 
Mr.  Girl  little  relished  the  job,  fully  realizing  the  criti- 
cism he  would  be  subjected  to  by  opponents  of  standard- 
ization, as  well  as  hidden  obstacles  that  would  be  put  in 
his  path.  Up  to  the  time  his  services  were  "drafted,*' 
he  had  small  knowledge  of  what  had  transpired,  and  stood 
practically  in  the  position  of  a  factory  manager  who  is 
given  a  set  of  prints  and  directed  to  ''build  10,000  of 
these  whether  you  like  it  or  not."  He  was  finally  per- 
suaded that  it  was  his  patriotic  duty  to  acquiesce,  and 
after  three  days  at  home  to  put  his  private  and  company 
affairs  in  shape,  he  returned  to  Washington  on  Sept.  6, 
1917,  and  organized  what  was  known  as  the  Military 
Truck  Production  Section  of  the  Transportation  Division 
of  the  Quartermaster  Corps.  The  organization  which 
he  built  up  around  him  consisted  of  men  thoroughly 
familiar  with  the  various  branches  of  the  automobile 
industry.  He  attempted  to  fill  each  position  with  a  man 
especially  fitted  by  years  of  training  and  experience. 
This  was  something  theretofore  unknown  in  the  War  De- 
partment, it  being  an  old  rule  in  the  Army  that  an  officer 
is  supposed  to  be  able  to  handle  any  class  of  work,  no 
matter  what  his  previous  experience.    Herein  CoL  Baker 
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raised   himself   above   the   traditions    of   his    contem- 
poraries. 

The  duties  of  the  production  organization  were  to 

(1)  Survey  all  plants  of  prospective  producers  for  ca- 

pacity in  every  respect  as  regards  ability  to  pro- 
duce articles  of  which  purchase  was  to  be  made 

(2)  Report  the  names  of  parts  makers  for  raw  material 

for  priority  action  through  the  Automotive  Prod- 
ucts Section  of  the  War  Industries  Board 
(8)  See  that  parts  were  produced  according  to  schedule 

(4)  See  that  trucks  were  delivered  on  schedule  time 

(5)  Inspect  all  purchases  from  raw  material  to  finished 

product;  mcluding  also  th^  testing  of  trucks 

An  organization  to  handle  Uiis  work  was  built  up  in 
a  very  short  time,  and  it  can  be  seen  that  no  small  or- 
ganization could  handle  such  a  task. 

The  Production  Department,  being  composed  of  civil- 
ians, did  not  make  a  single  purchase,  merely  presenting 
data  to  the  Purchasing  Board,  which  was  composed  as 
follows: 

CJol.  C.  B.  Baker,  chairman;  Col.  Charles  B.  Drake, 
Lieut.-Col.  James  W.  Furlow,  Major  Edward  Orton,  Jr^ 
and  Capt.  L.  H.  Coart,  secretary. 

The  work  of  plant  survey,  securing  of  bids,  etc., 
progressed  at  an  unusual  rate  of  speed,  and  early  in 
November  contracts  were  let,  both  for .  parts  and  for 
chassis  assembly.  In  all  cases  it  was  attempted  to  have 
at  least  three  purveyors  for  each  part,  while  the  chassis 
assembly  was  divided  among  seventeen  truck  builders, 
the  smallest  number  given  to  any  one  maker  being  500 
and  the  largest  1000.  In  spite  of  unanticipated  obstacles, 
consisting  of  freight  congestion,  lack  of  fuel  and  oppo- 
sition to  commissioning  inspectors  to  comply  with  Army 
regulations,  production  came  through  in  a  very  satis- 
factory manner,  and  five  trucks,  which  were  rushed 
through  as  a  check  on  the  tools  were  completed  about 
Jan.  10,  1918. 

By  April,  1918,  production  was  proceeding  so  satis- 
factorily that  the  (ieneral  Staff  authorized  the  purchase 
of  an  additional  8000  of  these  vehicles.  In  August,  1918» 
an  additional  25,000  were  authorized,  and  had  the  armis- 
tice not  been  signed  these  would  have  been  well  in  pro- 
duction by  this  time. 

There  have  been  many  criticisms  since  the  beginning 
of  the  standardized  military  truck  program.    Before  the 
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truck  was  designed  and  production  commenced,  there 
were  many  predictions  of  failure,  it  being  stated  that  a 
truck  brought  out  in  so  short  a  time  would  surely  have 
some  fatal  errors  of  design  which  would  probably  greatly 
delay  production.  In  view  of  some  inherent  defects 
which  developed  in  a  few  of  the  stock  trucks  in  the 
A.  E.  F.,  which  defects  did  not  develop  in  the  Class  B 
trucks,  the  demand  that  the  B  truck  be  abandoned  early 
in  its  history  was  ill-founded.  It  was  further  stated 
that  these  trucks  could  not  be  produced  in  time  to  be 
of  value,  and  that  it  would  seriously  delay  the  military 
program  if  the  Quartermaster  Ck)rps  attempted  to  carry 
out  this  program. 

Results  have  shown  these  fears  and  predictions  to  be 
groundless.  In  fact,  there  has  never  been  a  time  when 
production  and  delivery  of  Class  B  trucks  at  the  ports 
of  embarkation  have  not  exceeded  the  allotted  cargo 
space. 

Production  Difficulties 

After  trucks  were  in  production,  a  number  of  troubles 
were,  of  course,  encountered,  the  majority  of  them  being 
manufacturing  difficulties;  some,  however,  were  design 
faults,  and  at  the  time  they  were  discovered,  loomed  up 
very  large.  However,  the  Engineering  Department, 
which  had  by  that  time  been  built  up  into  a  permanent 
organization  with  a  more  complete  testing  and  experi- 
mental department  than  any  truck  manufacturer  in  the 
country  can  boast  of,  attacked  these  problems  with  de- 
termination, and,  with  the  efficient  aid  of  the  manufac- 
turers involved,  was  able  to  overcome  every  difficulty 
that  arose.  It  is  unfortunate  that  a  larger  number  of 
these  trucks  were  not  shipped  to  France  and  put  into 
active  service.  It  was  evident  that  influence  was  ex- 
erted in  the  A.  E.  F.  to  prevent  B  trucks  from  being 
ordered  overseas;  just  why  it  cannot  be  stated,  for,  if 
the  truck  were  a  failure,  service  in  the  A.  E.  F.  would 
soon  have  condemned  it.  I  found  evidence  in  France, 
when  I  arrived  at  general  headquarters  there  in  May, 
1918,  that  propaganda  had  been  spread  to  the  effect  that 
the  B  truck  was  a  f/iilure,  and  they  did  not  want  them 
in  France.  Everyone  who  has  had  experience  with  the 
Class  B  trucks,  either  in  this  country  or  on  the  other 
side,  agrees  that  it  is  the  greatest  thing  of  its  kind  ever 
produced.  I  have  accompanied  several  convoys  of  these 
trucks  across  the  Allegheny  Mountains,  have  seen  them 
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in  operation  in  France,  have  interviewed  numerous  con- 
voy officers,  have  letters  from  officers  of  the  American 
Expeditionary  Force  in  charge  of  these  trucks,  and  am 
firmly  convinced  by  the  great  bulk  of  this  testimony  that 
the  Glass  B  truck  is  an  unqualified  success. 

The  various  details  of  construction  have  been  described 
in  papers  read  before  the  Society,  by  men  who  had  an 
active  part  in  this  work,  so  that  it  is  not  considered 
necessary  to  give  a  repetition  of  that  information  in  this 
paper.  There  is  one  feature  of  this  design,  however, 
which  I  consider  worthy  of  mention  at  this  time,  as  it 
is  bound  to  have  a  marked  effect  on  future  commercial 
vehicle  design,  and  that  is  the  truck's  unusual  amount  of 
low-gear  ability.  The  military  truck  specifications  laid 
great  stress  on  this  point  and  went  so  far  as  to  define 
it  by  means  of  a  so-called  "tractive  factor."  Later  ex- 
perience has  proved  that  the  figure  specified  for  high- 
gear  ability  was  somewhat  in  excess  of  the  proper  amount 
for  good  economy,  as  well  as  satisfactory  performance. 

The  low-gear  ability  specified,  however,  has  justified 
itself  to  such  an  extent  that  there  is  today  a  decided 
trend  among  truck  engineers  in  this  direction.  Four- 
speed  transmissions,  with  a  very  low-gear  ratio  giving 
all  the  tractive  effort  that  the  adhesion  of  the  tires 
will  permit,  will  undoubtedly  be  incorporated  in  the  design 
of  a  great  majority  of  high-grade  trucks  within  the  com- 
ing year.  This  consideration,  coupled  with  the  possible 
advent  of  "locking-type"  differentials,  makes  necessary 
axle  drive-shafts  of  sufikient  size  to  slip  the  wheels. 

It  is  very  unfortunate  that  the  Class  A  and  Glass  AA 
trucks  were  not  put  into  production,  since  these  would 
have  given  the  Government  a  consistent  line  of  trucks 
capable  of  taking  care  of  practically  all  the  needs  of  the 
Army  motor  transport,  with  all  of  the  advantages  that 
standardization  gives. 

Trucks  in  Service  in  France 

Experience  of  the  American  Motor  Transport  in  France 
has  demonstrated  beyond  question  the  value  of  standard- 
ization. Due  partly  to  lack  of  shipping  space,  causing 
the  necessity  for  purchases  of  motor  equipment  in  Eu- 
rope, as  well  as  to  the  numerous  motor  transport  pro- 
grams of  the  various  departments  of  the  Army,  there 
were  214  makes  of  motor  vehicles  used  by  the  American 
troops  in  France.    You  may  be  able  to  imagine  the  conf  u- 


Digitized  by 


Google 


THE  STORY  OF  THE  UNITED   STATES  STANDARD  TRUCK      199 

sion  in  the  maintenance  department  and  the  number  of 
spare  parts  which  had  to  be  carried  in  order  to  attempt 
anything  like  proper  upkeep  and  operation  of  these  ve- 
hicles. The  fact  is,  that  it  was  impossible  to  carry  suffi- 
cient parts  to  maintain  a  large  number  of  these  miscel- 
laneous types,  and  when  a  part  failed,  it  was  necessary  to 
either  junk  the  vehicle  or  rob  another  one  already  out 
of  commission  for  some  other  cause.  Here  began  the 
outstanding  evil  in  Army  motor  maintenance,  which  re- 
mains; the  need  of  tens  of  thousands  of  different  kinds 
of  spare  parts  and  accessories  for  up-keep.  The  Motor 
Transport  Corps  of  the  A.  E.  F.  was  required  to  keep 
67,000  non-interchangeable  parts  in  stock,  besides  13,000 
kinds  of  bolts,  nuts  and  screws — a  total  of  70,000  separate 
items.  Our  general  "unpreparedness  for  war"  may  be 
blamed  {or  some  of  the  difficulty,  but  the  lesson  has  been 
sad  and  expensive,  and  it  is  hoped  it  will  not  be  repeated 
should  we  ever  be  so  unfortunate  as  to  have  another 
war. 

The  absurdity  of  attempting  to  maintain  and  operate 
such  a  heterogeneous  collection  of  vehicles  is  evident 
when  it  is  remembered  that  the  army  motor  transport 
could  have  been  handled  by  a  total  of  fourteen  types. 
The  following  list  needs  no  argument  to  support  it: 

(1)  Light  five-passenger  car 

(2)  Heavy  seven-passenger  car 

(3)  %  to  1-ton  truck 

(4)  1%  to  2-ton  truck 
(6)  3  to  6-ton  truck 

(6)  Cargo    caterpillar    or    four-wheel-drive   type   of 

truck 

(7)  Motorcycle 

(8)  %-ton  trailer,  cart  type 

(9)  1%-ton  trailer,  cart  tj^e 

(10)  1%-ton  trailer,  four-wheel  type 

(11)  3  to  4-ton  trailer,  four-wheel  type 

(12)  6  to  7-ton  trailer,  four-wheel  type 

(13)  10-ton  trailer,  four-wheel  type 

(14)  Bicycle 

CooPEBATioN  Between  Society  and  Army 

The  value  of  the  cooperation  which  the  Society  has 
given  the  Army  has  been  proved  at  every  step. 
The  military  truck  specifications  are  admitted  to 
be  the  best  of  their  kind  ever  produced,  the  Class 
B  truck  is  a  proved  success,  and  this  in  itself  demon- 
strates how  successful  the  whole  standardization  pro- 
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gram  would  have  been  had  it  been  carried  out.  Prac- 
tically all  automotive  engineers  who  have  been  serving 
the  Government  during  the  war  either  have  or  will  shortly 
sever  their  connections  to  resume  their  peace-time  occu- 
pations. In  fact,  with  the  present  limitations  on  salary 
of  Army  officers  and  other  Government  employes,  it 
would  be  impossible  for  the  Motor  Transport  Corps  to 
induce  many  engineers  of  standing  to  remain  in  its  em- 
ploy. This  means  that  there  must  be  even  greater  co- 
operation in  the  future  between  the  Society  and  the  Motor 
Transport  Corps,  than  there  has  been  in  the  past. 
We  have  profited  greatly  by  our  experience  in  this  line, 
and  it  can  safely  be  predicted  that  the  results  of  future 
cooperation  will  be  of  even  greater  value  than  those  of  the 
past.  It  has  been  demonstrated  that  standard  trucks, 
like  standard  escort  wagons,  can  be  ordered  and  deliv- 
ered quickly  in  quantities  when  emergency  arises,  and 
any  truck  builder  can  build  the  trucks,  just  as  any  wagon 
builder  can  build  the  wagons,  when  once  their  value  and 
ultimate  economy  are  appreciated. 
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MORE  EFFICIENT  UTILIZATION 
OF  FUEL 

By  Charles  F  Kettering* 

IN  general,  this  article,  which  was  presented  to 
awuken  interest  and  stimulate  curiosity  in  a  subject 
of  vital  importance  to  the  automotive  industry,  deals 
with  the  fundamentals  of  combustion  of  various  fuels 
in  internal-combustion  engines.  The  discussion  in- 
cludes broadly 

(1)  The  importance  of  chemical  structure  in  the 
study  of  fuels.  Such  knowledge  is  neces- 
sary to '  understand  refining  processes  and 
the  reactions  taking  place  during  combus- 
tion in  a  gas  engine. 

(2)  Boiling  points  versus  specific  gravity  of 
fuels.  Specific  gravity  is  a  term  of  slight 
moment;  it  has  nothing  to  do  with  what  fuel 
really  is  or  how  it  performs  in  service.  The 
distillation  curve  is  the  best  index  of  a 
fuel's  suitability 

(3)  Benzol  and  alcohol  as  engine  fuels.  Further 
proof  that  chemical  structure  plays  a  promi- 
nent part  in  fuel  performance 

(4)  The  phenomenon  called  ''engine  knocking." 
Theory  is  proposed  that  knocking  is  caused 
largely  by  change  of  fuel  structure  into  sec- 
ondary or  intermediate  compounds,  the  so- 
called  ''detonable  compounds,"  during  com- 
bustion. This  theory  is  based  upon  the  fact 
that  fuels,  capable  of  high  compression  with- 
out any  knocking  tendency,  are  compounds 
which  do  not  decompose  at  low  temperatures 
and  pressures 

(6)  Pressure- volume  and  pressure-time  indica- 
tor cards  and  their  interpretation.  The 
cards  show  genuine  preignition,  normal  com- 
bustion and  fuel  knocks 

(6)  High-compression  fuels  and  engine  perform- 
ance; again  showing  that  certain  chemical 
structures  possess  high  critical  temperatures 
and  pressures 

(7)  Some  of  the  specific  fuel  problems 

■President,  Dayton  Ein^neerin^r  Laboratories  Co.,  Dayton,  Ohio. 
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(8)  The  need  of  more  effective  co-operation. 
On  account  of  the  constantly  decreasing 
quality  of  fuels,  investigation  and  study  of 
the  situation  become   imperative 

As  far  as  the  automotive  engineer  is  concerned,  there 
are  two  problems  involved  in  the  fuel  situation,  each  of 
v^rhich  is  of  great  importance.  These  have  to  do  with 
the  application  of  fuel  to  an  internal-combustion  engine. 
One  is  getting  the  fuel  into  the  engine,  and  the  other  is 
burning  it  there. 

To  get  the  fuel  into  the  engine,  innumerable  devices 
have  been  constructed  and  given  consideration,  and  yet  I 
think  we  all  recognize  that  the  results  from  these  have 
been  disappointing,  because  they  did  not  solve  the  prob- 
lem that  really  needed  solving;  namely,  what  happens 
inside  of  the  cylinder.  Having  recognized  this  condition 
of  practically  complete  ignorance  as  regards  what  goes 
on  within  the  cylinder  of  an  engine  during  operation,  we 
started  to  see  what  we  could  find  out  about  it.  Naturally 
it  is  a  little  difficult  to  sit  around  in  a  cylinder  while  it 
is  in  operation  and  tell  just  what  happens  there,  so 
we  had  to  devise  means  of  staying  outside  and  still  tell- 
ing what  was  going  on  inside.  In  doing  this,  we  had 
to  build  some  new  instruments,  and  theorize.  The  result 
is  that  some  things  I  am  going  to  tell  you  may  not  be 
true,  but  it  is  not  my  fault  if  they  are  not. 

In  discussing  the  question  of  fuels  I  think  it  would 
be  well  to  go  back  a  little.  Our  present  idea  of  fuel 
is  that  a  satisfactory  fuel  must  have  a  certain 
gravity.  I  want  to  go  into  the  fuel  situation  a  little  more 
deeply  than  merely  determining  its  uses  according  to  its 
gravity.  It  has  been  a  general  observation  that  as  we 
lower  the  gravity  of  a  fuel,  such  as  the  present  commer- 
cial fuels  on  the  market,  even  though  we  get  the  fuel 
properly  distributed,  we  have  to  lower  the  compression 
of  the  engine  because  of  the  knock  which  results.  This 
knock  is  the  kerosene  knock,  preignition,  pinging,  or 
whatever  it  is  called.  To  make  my  subsequent  discussion 
somewhat  more  intelligible  I  want  to  first  discuss  briefly 
the  construction  of  a  fuel,  its  relation  to  gravity,  etc* 
and  then  what  happens  when  we  try  to  burn  it. 

Chemical  Composition 

All  of  our  fuels  are  hydrocarbons.  I  think  we  havt 
all  studied  the  subject  enough  to  know  that  a  hydro- 
carbon is  a  very  uncertain  and  miscellaneous  individual, 
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consistinfiT  of  varying  combinations  of  carbon  and  hydro- 
gen. If  we  start  out  with  carbon  we  see  that  it  is  a 
four-valent  element;  that  is,  it  has  the  ability  to  combine 
with  four  uni-valent  atoms,  such  as  hydrogen.  The  sim- 
plest hydrocarbon  combination  is  that  in  which  four 
hydrogen  atoms  are  combined  with  a  single  carbon  atom, 
the  bonds  uniting  the  hydrogens  with  the  carbons  be- 
ing as  indicated.  This  compound  is  methane,  which  is 
a  large  constituent  of  natural  gas.  The  chemistry 
of  the  hydrocarbons  would  not  be  very  difficult  if  it 
always  worked  out  as  in  the  case  of  methane;  that  is,  if 
each  carbon  atom  always  united  with  four  hydrogen 
atoms,  or  four  uni-valent  atoms.  But  the  carbon  also 
has  the  ability  to  combine  with  itself,  that  is,  to  satisfy 
certain  of  its  chemical  bonds  by  combining  with  other 
carbon  atoms.  It  is  quite  possible  to  have  another  com- 
pound in  which  two  carbon  atoms  are  united,  each  in 
addition  having  certain  hydrogen  atoms  united  with  it. 
The  first  compound  referred  to  above  is  said  to  have  the 
formula  CH^  and  the  second  the  formula  C,H«;  but  I  will 
show  that  such  a  formula  really  means  nothing.  If 
we  insert  another  carbon  atom  between  the  other  two  and 
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add  the  two  hydrogen  atoms  to  it,  we  get  a  third  hydro- 
carbon, the  formula  for  which  is  C^H,.  In  other  words,  if 
we  take  a  series  like  this  and  add  a  carbon  atom  each 
time,  with  its  corresponding  hydrogen  atoms,  we  get  a 
general  formula  which  may  be  expressed  thus:  CfJS-^n^ 
In  this  series  the  compounds  become  very  long,  and  in- 
crease correspondingly  in  gravity.  This  increase  in 
gravity  gives  a  corresponding  increase  in  the  boiling 
point,  and  that  boiling  is  only  a  simple  way  of  measuring 
the  weight  of  a  molecule. 

We  have  heard  considerable  talk  about  cracking.  Now 
suppose  we  take  one  of  these  big-molecule  compounds 
and  break  it  in  two.  We  will  get  two  smaller  compounds. 
We  might  have  to  throw  away  some  of  the  carbon  be- 
cause if  we  break  such  a  compound  in  two  we  will  not 
have  enough  hydrogen  for  the  end  carbons.  This  does 
not  necessarily  follow,  however,  for  it  is  possible  to  have 
a  compound  which  apparently  has  not  enough  hydrogen 
in  it.  If  we  take  one  of  these  heavier  hydrocarbons,  for 
instance,  and  crack  it  in  two  we  have  as  one  compound 
a  paraffin  which  is  analogous  to  the  compounds  shown 
above,  and  as  the  remainder  another  compound  which  is 
obviously  different  from  those  called  paraffins ;  such  com- 
pounds being  given  the  general  name  of  olefins.  The  ole- 
fins have  a  general  chemical  formula  of  CnH,n.  The 
cracking  process  then  consists  in  breaking  up  these  larger 
molecules  into  smaller  ones.  In  breaking  up  hydrocar- 
bons we  put  them  in  a  big  drum,  hit  them  and  hammer 
around  and  finally  they  get  sore,  as  it  were,  and  say, 
"What's  the  use?  We  might  as  well  break  up."  That  is 
exactly  the  way  we  get  an  increased  volume  of  gasoline. 
There  is,  of  course,  some  loss  in  throwing  away  carbon. 
I  want  you  to  keep  this  in  mind,  however:  that,  if  heating 
under  pressure  and  high  temperature  produces  disin- 
tegration of  these  molecules  in  a  cracking  still,  the  same 
identical  thing  may  happen  when  you  maltreat  the  fuel 
in  a  gas  engine.  I  want  you  to  keep  this  specifically  in 
mind  because  heat  and  pressure  have  about  the  same  ef- 
fect regardless  of  where  they  happen  to  be,  in  a  gas  en- 
gine or  in  some  other  place. 

I  want  to  impress  upon  you  another  very  important 
fact.  If  you  take  the  heat  of  a  pound  of  carbon  and  the 
heat  of  a  pound  of  hydrogen,  you  will  find,  if  you  bum 
the  gas  CH^  mentioned  above,  that  you  will  not  get  the 
same  amount  of  heat  from  this  gas  as  you  would  expect  if 
you  added  up  the  heat  contained  in.  the  corresponding 
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amounts  of  carbon  and  of  hydrogen.  It  vrill  always  be 
somewhat  less.  This  apparent  loss  in  heat  value  is  a 
result  of  what  is  known  as  energy  of  combination  and 
enters  largely  into  the  study  of  chemical  compounds.  I 
want  to  impress  on  you  the  fact  that  each  of  these  com- 
pounds has  a  certain  heat  value  which  is  always  less  than 
the  total  heat  value  of  an  equal  quantity  of  carbon  and 
hydrogen  in  an  uncombined  state. 

Specific  Gravity  of  Fuels 

The  question  of  gravity  and  the  size  of  a  molecule  is 
a  very  interesting  thing.    If  we  start  with  the  simplest 
compound  of  the  paraffin  series,  CH^,  and  add  carbon  and 
hydrogen  atoms  to  it,  one  of  carbon  and  two  of  hydrogen 
at  a  time,  we  find  that  the  first  few  compounds  are  nor- 
mally a  very  light  gas  and  extremely  difficult  to  liquefy. 
As  we  come  down  the  line,  we  find  that  the  compounds 
would  become  normally  liquid,  and  finally  solid,  in  form. 
Carbon  has  an  atomic  weight  of  twelve  and  hydrogen 
of   one,    so   that   CH^   has   a   weight   of   sixteen.    As 
these   compounds   increase   by   CH,   each   time,   which 
means  an  increase  of  fourteen  in  the  molecular  weights 
for  each  compound,  it  is  quite  obvious  that  the  molecular 
weights  will  mount  up  rather  fast.    It  is  easy  to  see  that 
these  are  actually  physical  things.   There  has  always  been 
one  trouble  with  all  of  our  theoretical  work.    We  take  up 
this  molecule  as  though  it  were  simply  something  to  think 
about  and  to  talk  about.     But  these  are  real  physical 
things  and  the  combination  and  decomposition  of  these 
things  are  real  physical  facts.  I  think  that  if  we  all  could 
get  the  point  of  view  that  this  is  not  complex  at  all, 
and  we  could  get  somebody  to  write  a  chemistry  that 
would  make  it  appear  simple   instead   of   complex,  we 
would  all  get  interested  in  this  and  be  able  to  do  much 
good  by  actually  studying  the  fundamental  phenomena. 
As  I  menticmed  before,  the  more  carbon  atoms  we  get 
into  the  compounds,  the  heavier  the  fuel  becomes.    It 
was  for  this  reason  that  we,  a  long  time  ago,  began  to 
measure  our  fuel  by  hydrometers.     If  it  measured  72 
deg.  it  was  fine.    Finally  it  began  to  go  down  and  down, 
and  we  tried  to  force  upon  our  oil  people  the  idea  that 
gravity  had  something  to  do  with  a  fuel's  desirability. 
Now  gravity  has  not  a  thing  to  do  with  it. 

Suppose  we  started  a  food  law  in  this  country  that 
we  had  to  sell  potatoes  not  by  the  bushel  or  by  the 
pound,  but  that  there  must  be  so  many  potatoes  to  the 
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bushel,  and  that  they  must  have  an  average  weight  per 
bushel.  This  is  actually  what  we  asked  the  fuel  people 
to  do.  Suppose  the  food  inspector  comes  around  and 
examines  a  bushel  of  potatoes.  He  counts  the  pota- 
toes and  says,  "There  are  not  enough" ;  so  he  takes  out 
one  big  potato  and  puts  in  a  couple  of  small  ones  and 
the  potatoes  are  0  K'd  by  him.  Then,  after  the  potatoes 
are  sold,  they  are  placed  in  a  pan  and  put  into  an  oven 
to  bake.  And  if  we  leave  them  in  there  for  an  hour, 
the  little  potatoes  are  burned  to  a  crisp  and  the  big 
ones  are  not  cooked  through.  Exactly  the  same  thing 
happens  with  fuel.  There  is  no  difference  whatsoever. 
The  average  of  our  fuel  may  be  all  right,  but  that  does 
not  mean  that  we  have  anything  like  a  good  fuel. 

Distillation  curves  have  come  to  be  a  measure  of  fuel 
suitability.  They  are  of  a  great  deal  more  importance 
than  its  gravity.  I  have  had  charts  showing  certain  dis- 
tillation curves  prepared.  In  the  chart  there  is  shown  a 
kerosene  curve.  This  kerosene  had  a  gravity  of  43  deg, 
and  it  started  to  distill  off  at  about  275  deg.  fahr.,  the 
percentage  evaporated  increasing  with  continued  heating 
and  a  rising  temperature  until  it  finally  goes  dry  at  600 
deg.  fahr.  This  is  a  characteristic  curve.  This  chart 
also  shows  commercial  gasoline  having  a  gravity  of  about 
58.  It  shows,  in  addition,  a  very  interesting  and  signifi- 
cant fact.  When  the  curve  of  a  California  gasoline  of 
58  gravity  is  compared  with  the  curve  of  this  other  gaso- 
line of  58  gravity,  it  is  seen  that  the  California  gasoline 
has  a  considerably  flatter  curve.  The  reason  for  this  I 
will  show  later.  We  all  know  that  there  have  been  de- 
veloped in  California  many  wonderful  kerosene  car- 
bureters which  were  sent  to  us  here  in  the  East,  but 
which,  when  put  on  our  engines,  failed  signally  to  live 
up  to  the  claims  made  for  them.  This  is  easily  explained. 
The  fact  is,  California  kerosene  is  often  a  great  deal  bet- 
ter than  our  gasoline,  so  far  as  carburetion  is  concerned. 

Benzol  and  Alcohol  as  Fuel 

In  addition  to  the  t3rpes  of  hydrogen  and  carbon  com- 
pounds already  discussed,  which,  because  of  the  arrange- 
ment of  the  atoms  therein,  are  called  "chain"  com- 
pounds, there  are  certain  other  hydrogen  and  carbon 
combinations  called  "ring"  compounds.  One  of  the  sim- 
plest and  probably  the  best  known  of  these  is  benzol.  In 
this  there  are  six  carbon  atoms,  with  three  single  and 
three  double  bonds  connecting  them,  each  carbon  atom 
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having  a  single  hydrogen  atom  attached  to  it.  The  form- 
ula for  this  compound  is  G«H«.  As  you  no  doubt  remem- 
ber, when  Mr.  Crane  was  discussing  his  paper  on  Pos- 
sible Effect  of  Aircraft  Engine  Development  on  Automo- 
bile Practice  he  mentioned  the  fact  that  by  the  addition 
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of  a  certain  amount  of  benzol  to  a  fuel,  certain  very  in- 
teresting results  are  obtained.  That  does  not  of  itself 
mean  that  benzol  will  necessarily  make  a  good  fuel,  be- 
cause there  happen  to  be  other  considerations  involved. 
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If  we  run  benzol  on  full  load  it  gives  satisfactory  results. 
It  is  so  high  in  carbon  as  compared  with  the  amount  of 
hydrogen  that  if  we  do  not  run  it  on  full  load  very  co- 
pious productions  of  carbon  in  the  engine  result.  This 
carbon,  however,  is  quite  different  in  character  from  the 
carbon  which  results  from  the  burning  of  kerosene.  It 
is  a  fine,  fluffy  or  flaky  deposit,  not  at  all  gummy  or 
sticky  like  a  kerosene  carbon  deposit  and  is  blown  out 
readily  in  the  engine  exhaust.  It  does  carbonize  the 
spark-plugs  badly,  however,  and  will  interfere  seriously 
with  the  running  of  the  engine. 

An  interesting  thing  about  this  type  of  fuel  is  that 
all  of  the  "potatoes"  are  exactly  the  same  size.  The 
benzol  distillation  curve  represents  a  mixture  of  certain 
of  these  uniformly  sized  "potatoes,"  and  we  can  see 
what  happens.  After  we  get  up  to  a  certain  tempera- 
ture, the  fuel  begins  to  distill  off  and  practically 
all  of  the  fuel  goes  off  at  that  temperature.  In  other 
words,  all  the  molecules  weigh  the  same  and  they  all  get 
out  at  the  same  time.  At  the  very  end  of  the  distillation 
curve  the  end  point  goes  up  rapidly.  A  f ud  having  this 
characteristic  may  or  may  not  have  desirable  character- 
istics from  the  standpoint  of  distribution,  but  its  f unc* 
tioning  after  it  once  gets  into  the  engine  may  be  of  an 
entirely  different  order  from  the  functioning  of  another 
fuel  having  a  corresponding  gravity.  This  fuel  may  be 
of  much  lower  gravity  than  another  t3rpe  and  yet  func- 
tion very  much  better  under  combustion  conditions 
within  a  cylinder.  The  gravity  of  a  fuel  has  absolutely 
nothing  to  do  with  what  the  fuel  really  is,  or  how  it  per- 
forms in  service.  The  main  point  I  want  to  present  is 
that  the  fuel  proposition,  so  far  as  future  engine  de- 
sign is  concerned,  is  practically  a  question  of  chemical 
construction  and  make-up,  together  with  energy  of  com- 
bination that  exists  within  the  fuel  itself. 

There  is  still  another  illustration  of  the  fact  that  the 
chemical  formula  does  not  mean  anjrthing.  If  we  take 
benzol  and  break  the  double  bonds  existing  in  the  benzol 
ring  and  add  a  hydrogen  atom  to  each  carbon  atom  we 
will  get  a  compound  having  the  formula  C,H^  which  rep- 
resents a  certain  thing  and  a  certain  specific  gravity. 

We  have  heard  a  great  deal  of  discussion  about  alco- 
hol. The  formula  is  GnH^n^^O ;  but  that  is  not  a  very  good 
way  to  write  it.  It  is  better  to  write  it  in  the  manner 
illustrated  herewith.  If  we  take  a  "chain"  compound 
of  the  structure  shown  there  and  trade  the  hydrogen  atom 
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for  a  hydrogen  and  oxygen  atom,  we  get  a  compound 
having  the  structure  shown  there  as  afcohol.  That  hy- 
drogen substitution  is  the  only  difference  between  paraf- 
fins and  alcohol.  The  paraffin  compound  has  a  certain 
gravity  and  will  function  in  a  certain  way.  The  alcohol 
corresponding  thereto  has  a  certain  gravity  and  func- 
tions in  a  certain  way.  The  fuel  value  of  these  two  com- 
pounds following  the  substitution  of  OH  for  H  is  quite 
different.  The  alcohol  does  not  bum  the  same  way  or 
act  the  same  way.  We  have  the  same  amount  of  carbon 
in  each  and  practically  the  same  amount  of  hydrogen, 
but  we  have  an  oxygen  atom  hooked  up  in  connection 
with  one  of  the  hydrogen  atoms.  Investigation  will  show 
that  it  takes  practically  one-half  the  total  amount  of  heat 
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available  in  the  fuel  to  get  an  oxygen  atom  into  the  com- 
pound, and  yet  consideration  of  the  actual  atoms  within 
the  compound  v^ould  tend  to  show  that  it  should  have 
about  the  same  amount  of  heat  as  before  the  change 
occurred.  v 

Suppose  we  take  the  alcohol  illustrated  and  use  exactly 
the  same  atoms,  but  simply  shift  the  arrangement  of 
them  a  little,  so  that  the  oxygen  is  connected  to 
two  carbon  atoms  and  not  directly  to  any  hydrogen  atoms 
as  shown ;  in  this  case  we  have  the  hydrogen  atoms  in  the 
same  place  and  the  carbon  atoms  in  the  same  place,  ex- 
cept with  relation  to  the  oxygen  atom,  but  we  now  have 
ether  instead  of  alcohol.  The  two  have  exactly  the  same 
composition  Bo  far  as  the  number  of  atoms  is  concerned; 
80  that  the  chemical  formula,  if  merely  written  out, 
would  be  exactly  the  same  thing,  C^Hj^O.  If  we  bought 
alcohol  according  to  chemical  formula,  we  might  easily 
make  a  mistake  and  put  ourselves  permanently  to  sleep. 
Also,  performance  in  an  engine  is  entirely  different.  The 
gravity  of  these  two  is  practically  the  same,  but  the  boil- 
ing point  of  the  ether  shown  is  96  deg.  f  ahr.,  while  that 
of  the  alcohol  shown  is  about  243  deg.  fahr.  Inasmuch 
as  they  have  exactly  the  same  chemical  formula,  it  is  ob- 
viously of  great  importance  to  know  something  about 
their  structure  and  make-up,  to  determine  performance 
as  fuel.  If  we  refine  our  shale  oils,  and  are  going  to 
make  the  right  kind  of  engine  to  run  on  such  oils,  we 
have  to  know  what  kind  of  business  relationship  the 
atoms  have  gone  into  with  each  other  before  we  can 
handle  the  oils  properly. 

Cylinder  Knocks 

I  have  mentioned  energy  of  combination  because  to  us 
it  has  proved  very,  very  interesting,  inasmuch  as  it  ap- 
parently affects  fuel  action  very  directly.  As  I  said  be- 
fore, as  fuels  of  lower  gravity  came  into  use  it  became 
necessary  to  lower  compressions.  The  general  idea  has 
been  that  this  lowering  of  compressions  has  been  neces- 
sary because  of  preignition.  To  study  this  problem  we 
developed  an  indicator  which  gave  us  a  new  but  very 
satisfactory  type  of  indicator  card.  This  indicator  is 
different  in  that  it  gives  pressure-time  indications  and 
not  pressure-volume.  As  a  result  of  our  work  with  'this 
indicator,  we  discovered  that  the  knock  which  comes  from 
kerosene  is  an  entirely  different  thing  from  actual  pre- 
ignition.   We  have  made  hundreds  of  indicator  diagrams 
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or  cards  with  this  instrument  and  each  of  them  is  very 
different  from  the  usual  pressure-volume  card  secured 
with  the  ordinary  indicator. 

A  card  made  with  our  indicator  is  also  shown  illus- 
trating the  normal  bum  in  an  engine  cylinder,  without 
any  evidence  of  a  knock.  As  you  can  see  from  this  card, 
pressures  begin  to  go  up  at  the  instant  the  compression 
stroke  of  the  piston  is  started  and  increase  uniformly 
until  ignition,  after  which  pressures  go  up  rapidly  to  a 
maximum  and  then  taper  off  gradually  during  the  work 


A  Typical   Pressure- Volume  Card  Secured  from   an   Internal- 
Combustion  Engine 

stroke  of  the  piston.  The  difference  between  the  cards 
made  on  these  two  types  of  indicator  is  quite  obvious  and 
needs  no  explanation. 

Another  card  made  with  our  indicator  and  illustrating 
a  case  of  true  preignition  is  reproduced.  The  kerosene 
knock  occurs  in  a  region  of  from  10  deg.  after  ignition 
to  25  deg.  past  top  center  on  the  down  stroke.  In  one 
card  shown,  the  knock  occurs  fairly  early  in  the  combus- 
tion stroke,  while  in  another  its  occurs  at  approximately 
25  deg.  after  top  center  and  on  the  down  stroke  of  thef 
piston. 

These  cards  proved  tremendously  interesting  to  us  and 
we  began  to  study  the  knock  to  see  what  it  is  and  why 
it  is.    In  the  course  of  our  study  we  have  been  theorizing 
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and  reached  the  following  conclusion.  If  we  take  a  com- 
plex molecule  and  start  to  bum  it»  it  will  not  bum  by  a 
single  step  from  the  carbon  and  hydrogen  in  it  to  carbon 
dioxide  and  water,  but  as  it  starts  to  break  down  it  may 
be  decomposed  intor  a  variety  of  compounds.  If  during 
this  burning  we  should  happen  to  liberate,  for  an  in- 
stant, as  intermediate  products  of  combustion,  some  com- 
pounds of  an  extremdy  explosive  or  detonable  nature, 
we  would,  upon  explosion  of  these  compounds,  get  such 
a  sudden  rise  in  pressure  as  is  indicated  in  the  cards 
shown.  Now  the  compounds  which  form,  if  these  big 
molecules  do  break  down  in  this  way,  will  differ,  depend- 
ing upon  the  temperature  and  pressure  conditions  at  the 
time  combustion  takes  place.  That  is,  the  type  of  com- 
pounds which  are  formed  will  vary  with  the  compres- 
sion, explosion  pressures  and  the  temperatures  which  ex- 
ist in  the  cylinders. 

In  studying  the  conditions  existent  within  the  cylinder 
during  knocking  we  endeavored  to  get  an  actual  view  of 
conditions  within  the  cylinder  at  the  time  the  knocking 
took  place.  To  do  this  we  put  a  window  in  the  cylinder 
and  pointed  a  spectroscope  at  this  window.  In  this  way 
we  were  able  to  reach  some  rather  definite  ideas  as  to  the 
substances  or  compounds  actually  *  present  and  causing 
the  knock.  As  a  result  of  these  observations  we  came  to 
the  conclusion  that  the  compound  which  caused  the 
trouble  is  acetylene.  I  will  admit  that  this  is  one  of  the 
things  that  we  have  only  theorized  about  so  far  and  that 
we  do  not  know  now  that  this  is  really  true. 

What  takes  place  within  a  cylinder  when  the  knock 
occurs  may  readily  be  in  accordance  with  my  previously 
mentioned  conception.  You  have  all  seen  the  grains  of 
powder  used  in  big  guns.  It  comes  in  little  sticks  with 
perforations  through  them.  Now  you  can  take  one  of 
these  sticks  and  light  it  with  a  match  and  hold  it  in  your 
hand  as  it  bums  and  it  is  perfectly  harmless.  But  if  you 
stuff  that  powder  into  an  iron  pipe  and  screw  the  end 
on  it  and  light  it,  and  then  get  away  in  time,  you  would 
witness  quite  a  different  reaction.  The  reason  is  that 
when  you  vary  the  pressure  and  temperature  conditions 
you  change  the  entire  nature  of  the  bum.  In  other 
words,  in  the  first  case  you  are  simply  burning  the  stick 
of  powder  as  you  would  any  other  inflammable  hydro- 
carbon, while  in  the  second  case  you  are  releasing  its 
energy  of  combination  in  a  very  short  space  of  time. 
The  resulting  variation  in  the  chemical  reaction  which 
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takes  place  causes  the  sudden  building  up  of  pressure 
that  we  call  an  explosion. 

If  our  idea  of  the  formation  of  secondary  compounds 
is  a  true  one,  then  if  a  fuel  can  be  found  which  will 
bum  by  a  single  step  from  carbon  to  carbon  dioxide  and 
from  hydrogen  to  water,  it  should  he  a  fuel  which  does 
not  give  a  knock.  We  started  out  by  taking  benzol.  But 
we  found  that  it  was  not  a  satisfactory  fuel  because  of 
its  free  liberation  of  carbon  upon  burning.  So  we  took 
this  benzol  and  broke  the  double  bonds  between  some  of 
the  carbon  atoms  and  hitched  on  an  extra  hydrogen  atom 
to  each  carbon  atom,  so  that  instead  of  being  G«H,  it  be- 
came C,H^.  This,  of  course,  made  a  material  difference 
in  the  gravity  of  the  fuel.  And,  incidentally,  I  might 
state  that  the  gravity  of  benzol  is  only  28  deg.,  so  that  if 
a  man  were  buying  it  by  gravity  he  would  imagine  him- 
self to  be  getting  a  very  poor  fuel.  The  gravity  of  C,Hj„ 
the  name  of  which  is  cyclohexane,  is  48  deg. 

Tests  of  Cyclohexane 

Now  here  is  the  interesting  thing  about  this  cyclohex- 
ane. When  we  made  it  up  and  used  it  in  an  engine  it 
acted  differently  from  any  fuel  we  had  ever  had.  It  took 
a  long  time  for  it  to  sink  into  our  heads,  but  finally  this 
fact  came  home  to  us:  if  a  fuel  bums  by  a  single  step 
from  carbon  to  carbon  dioxide  and  from  hydrogen  to  wa- 
ter, the  explosion  will  be  absolutely  independent  of  the 
compression,  because  the  temperatures  and  pressures  can 
only  rise  to  such  points  in  the  cylinder  as  the  products 
of  combustion  permit.  That  is,  the  temperatures  of 
combustion  cannot  rise  above  the  dissociation  tempera- 
ture of  the  products  which  result  from  such  combustion. 
Consequently,  when  this  fuel  is  used  in  an  engine  cylinder 
we  get  a  pressure-volume  card  that  looks  like  a  steam- 
engine  curve.  And  we  can,  without  materially  raising 
the  explosion  pressures,  run  this  fuel  on  any  compres- 
sion up  to  the  point  of  actual  preignition,  caused  by  th6 
temperature  rise  due  to  compression  reaching  the  igni- 
tion temperature  of  the  fuel.  This  brief  outline  of  our 
work  with  this  fuel  seems  to  indicate  that  the  knock  is 
certainly  due  to  the  formation  of  secondary  or  interme- 
diate combustion  compounds,  detonatable  compounds  we 
call  them,  which  let  go  unexpectedly  and  cause  an  abnor- 
mal rise  of  pressure. 

Why  then  should  lowering  of  compression  prevent  the 
development  of  the  knock?    Simply  because  lowering  the 
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compression  results  in  a  substantial  lowering  of  the 
maximum  combustion  temperature  within  the  engine  cyl- 
inder. 

For  testing  cyclohexane  we  built  a  Liberty  engine  hav- 
ing 200-lb.  compression,  and  this  fuel  burned  at  such 
high  compressions  without  any  knock  whatever.  With 
the  best  grades  of  gasoline  that  we  could  secure  we  could 
not  use  compressions  in  excess  of  125  lb.;  in  fact,  with- 
out very  careful  selection  of  gasoline  the  compression 
could  not  be  run  up  to  more  than  100  lb. 

There  is  another  interesting  thing  leading  us  to  be- 
lieve that  there  is  a  critical  temperature  beyond  which 
we  cannot  go  without  causing  an  entirely  different  type 
of  combustion  to  take  plac6  in  the  engine.  If  we  take 
an  engine  operating  at  75  to  80-lb.  compression,  start  to 
run  it  on  kerosene  and  let  it  warm  up,  there  will  be  no 
knock  during  this  warming-up  period.  As  soon  as  the 
engine  gets  up  to  operating  temperature,  however,  it 
will  start  to  knock,  and  it  will  immediately  heat  up,  with 
loss  of  power  and  other  evidences  of  poor  performance. 
However,  if  we  introduce  into  the  fuel  that  is  being 
used  3  or  4  per  cent  of  ethyl  iodide,  we  can  run  the 
same  engine  right  up  to  full  compression  without  knock- 
ing and  accompanying  troubles.  In  other  words,  the  en- 
gine will  run  as  well  as  it  does  on  gasoline.  The  reason 
for  this  is,  we  think,  that  below  1200  deg.  fahr.  iodine 
exists  in  the  form  of  molecular  vapor,  but  between  1200 
and  2000  deg.  fahr.  the  iodine  vapor  breaks  part  in^^ 
an  atomic  vapor  and  in  so  doing  uses  up  a  considerable 
quantity  of  the  heat  energy  resulting  from  the  combus- 
tion within  the  cylinder.  And; the  heat  energy  so  used 
up  will  just  ease  off  the  temperature  curve,  flatten  it  out, 
in  other  words,  and  hold  the  maximum  temperature  be- 
low the  critical  line  so  that  the  secondary  explosive  com- 
pounds will  not  be  formed. 

There  are  a  great  many  interesting  phases  and  peculiar 
things  in  connection  with  the  fuel  game.  My  idea  has 
been  to  present  this  subject  to  you  more  as  a  means  of 
stirring  up  your  interest  and  exciting  your  curiosity  than 
supplying  any  fundamental  engineering  data.  As  an  ex- 
ample 'Of  one  of  these  interesting  things,  we  found,  when 
we  investigated  cyclohexane,  that  it  would  freeze  at  42 
deg.  fahr.  We  also  found  that  benzol  freezes  at  43  deg. 
fahr.  Consequently,  neither  of  these  compounds  of  it- 
self would  make  a  satisfactory  fuel,  especially  for  air- 
plane work  where  temperatures  considerably  below  the 
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freezing  point  of  each  fuel  are  prevalent.  We  found  out 
this  very  interesting  thing,  however.  If  we  take  some 
cyclohexane  and  some  benzol  and  mix  them,  the  freezing 
point  of  the  mixture  is  considerably  below  that  of  either 
constituent.  By  mixing  them  in  the  proportion  of  sub- 
stantially 20  per  cent  benzol  and  80  per  cent  cyclohexane, 
we  get  a  freezing  point  for  the  mixture  of  substantially 
40  deg.  below  zero,  fahr.  If  it  were  not  for  the  facts  in 
connection  with  this  statement  I  know  you  would  not 
believe  that  if  two  fuel  compounds  are  taken,  each  one 
of  which  freezes  at  a  comparatively  high  temperature, 
and  are  mixed  together  in  certain  proportions,  the  f reez- 
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Mixing  Benzol  and  Ctclohbkanb  Reduces  the  Frebzino  Point 

OF  THE  Mixture  Materially  as  Compared  with  Those  or  the 

Constituents 

ing  point  of  the  mixture  can  be  reduced  80  deg.  It  is 
simply  another  case  of  molecular  energy  making  such  a 
thing  possible. 

I  might  go  on  into  various  interesting  experimental 
data,  but  there  are  one  or  two  other  things  that  I  want 
to  bring  out.  We  have  all  talked  about  carbon  causing 
the  knock  in  an  engine  and  we  know  that  when  we  clean 
the  engine  out  we  do  not  get  the  knock  any  more.  And 
we  have  all  had  the  idea  that  the  reason  we  have  carbon 
knocks  is  because  some  of  the  carbon  heats  up  and  pre* 
ignites  the  incoming  mixture.  That  is  not  what  hap* 
pens  at  all.    One  of  the  best  heat  insulators  we  have  is 
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carbon,  and  the  only  thing  we  do  when  there  is  a  nice 
little  carbon  deposit  in  a  gas-engine  cylinder  is  to  cut 
down  the  rate  of  thermal  transfer. 

Securing  Better  Engine  Efficiency 

One  of  our  big  problems  in  connection  with  fuels, 
therefore,  seems  to  be  to  discover  how  to  lower  the  tem- 
perature peak  during  combustion.  We  must  remember, 
however,  what  happens  when  a  cylinder  is  cooled  too 
much.  The  crankcase  gets  filled  up  with  anything  but 
oil  The  big  problem  then  seems  to  be  to  get  a  more 
efficient  regulation  of  temperatures.  And  we  must  make 
this  a  problem  whether  we  desire  it  or  not.  The  fac- 
tors governing  the  supply  of  fuels  are  now  such  that 
we  must  take  our  present  grade  of  fuel  whether  we 
want  to  or  not.  Consequently,  we  must  study  the  rela- 
tionship and  the  conditions  which  exist  after  we  get  the 
fuel  inside  the  engine  cylinder.  No  matter  what  the  fuel 
manufacturers  hand  us,  or  where  it  comes  from,  we  have 
to  take  it  and  burn  it,  and  give  satisfaction  to  the  cus- 
tomers using  it.  None  of  us  believes  that  the  internal- 
combustion  engine  business  is  going  to  die  out  because 
we  are  having  difficulty  with  fuel.  But  the  amount  of 
satisfaction  the  users  of  the  engine  will  get  is  going  to 
be  proportional  to  the  enthusiasm,  pep,  chemical  knowl- 
edge, etc.,  that  the  engineer  puts  into  the  engine  before 
he  turns  it  out. 

So  I  think  it  is  only  well  at  this  time  that  we  should 
begin  to  think  in  terms  of  the  fuel  question,  not  only 
from  a  supply  and  demand  point  of  view,  but  also  from 
an  efficiency  standpoint.  We  engineers  have  a  lot  to  do 
from  the  latter  standpoint;  we  have  hardly  touched  the 
subject  as  yet.  The  ordinary  engine  running  around  the 
streets  of  New  York  has  a  thermal  efficiency  of  from  5 
to  10  per  cent.  We  must  make  it  higher.  In  our 
own  work  we  have  run  some  common  ordinary  engines 
up  to  29  per  cent  thermal  efficiency,  and  this  without  any 
very  great  amount  of  work  on  them.  This  leads  us  to 
believe  that  there  is  a  possibility  of  going  far  beyond  the 
range  of  our  ordinarily  prescribed  limit  of  25  to  80  per 
cent.  I  think  that  in  5  or  10  yr.  from  now  it  will  be 
common  practice  to  secure  in  the  neighborhood  of  85 
or  40  per  cent  thermal  efficiency. 

Remember  that  a  problem  is  what  we  think  it  is.  If 
we  think  an  engine  can  run  only  10  hr.  without  repair 
it  will  run  just  that  length  of  time.    If  we  think  it  can 
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run  100  hr.»  the  chances  are  it  will.  If  there  is  any  one 
thing  the  war  has  demonstrated  to  us,  it  is  that  we  have 
not  exhausted  anything  like  the  mechanical  possibilities 
of  any  device.  Anything  that  man  creates  is  only  a  phys- 
ical representation  of  his  mental  conception  of  it.  If 
some  one  should  come  here  from  some  other  world  he 
would  get  a  very  bad  idea  of  the  mental  conception  of 
our  automotive  engineers,  if  they  do  not  get  busy  on  the 
little  simple  problems  of  settling  this  fuel  question.  In 
this  talk  I  have  shown  where  I  think  the  problem  lies. 
No  matter  what  kind  of  injection  devices  or  other  instru- 
ments we  may  have,  there  is  the  problem  of  finding  out 
how  the  fuel  acts  after  it  is  inside  the  cylinder,  and  we 
must  work  out  this  problem.  And  this  problem  can 
never  be  solved  by  any  one  individual.  It  is  going  to 
be  solved  by  cooperation  between  the  oil  and  the  engine 
people  and  every  one  else. 
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THE  UNMINED  SUPPLY  OF  PETROLEUM 
IN  THE  UNITED  STATES^ 

By  David  White^ 

PRODUCTION  records  show  that  the  United  States 
oil  fields  have  produced  approximately  4,600,000,000 
bbl.  since  1858,  the  present  rate  of  annual  production 
being  approximately  360,000,000  bbl.  On  the  ot/her 
hand,  the  oil  remaining  available  in  the  ground  is  esti- 
mated (by  the  oil  geologists  of  the  U.  S.  Geological  Sur- 
vey^ at  6,740,000,000  bbl.,  about  half  of  which  belongs 
to  the  heavier  grades.  This  estimate  is  distinctly  con- 
servative, but  the  amount  eventually  recovered  should 
not  very  greatly  exceed  it.  With  an  annual  consump- 
tion now  reaching  400,000,000  bbl,,  the  remaining  oil 
would  not  last  many  years  if  it  could  be  discovered  and 
mined  as  fast  as  required.  However,  this  cannot  be 
done;  many  pools  will  not  be  located  within  twenty 
years,  and  the  curve  of  waning  oil  production  will  prob- 
ably continue  for  as  long  as  seventy-five  years. 

The  danger  to  the  country's  welfare  and  prosperity 
lies  in  the  rapidly  increasing  consumption  without  re- 
striction of  use,  promising  to  exceed  one-half  billion 
barrels  yearly  within  a  few  years,  and  in  the  fact  that, 
with  most  vigorous  efforts,  we  are  able  only  slightly  to 
increase  production,  which  almost  certainly  will  pass 
its  peak  and  enter  the  period  of  decline  at  an  early 
date,  probably  within  five  and  possibly  within  two 
years.  Meanwhile,  storage  supplies  are  being  exhausted 
and  oil  is  imported  in  increasing  amounts  to  meet  re- 
quirements. Present  monthly  imports  averaging  about 
4,000,000  bbl.  must  be  expanded  to  enormous  volume 
when  our  domestic  production  declines,  unless  the  now 
soaring  consumption  is  correspondingly  reduced,  which 
is  not  to  be  thought  of.  American  oil  companies  must 
protect  the  future  by  acquiring  gxeat  and  widespread 
foreign  oil  concessions. 

Oil  in  vast  amounts  can  be  artificially  made  from  the 
great  oil-shale  deposits  of  the  West,  but  the  processes 
and  prices  necessary  to  commercial  success  remain  to  be 
determined,  and  the  task  of  building  up  an  oil-shale  in- 
dustry sufldcient  to  meet  a  considerable  part  of  the  de- 
mand is  enormous,  requiring  several  years. 

The  justification   of  an   estimate  so  highly  specula- 
tive as   must   be  that   of   the  petroleum   resources   in 
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the  ground  in  the  United  States,  lies  in  the  widening 
angle  between  the  flattening  curve  of  production  and 
the  rising  curve  of  consumption.  The  standards  of  liv- 
ing, the  industrial  power  and  the  prosperity  of  the 
country  are  dependent  to  so  great  a  degree  upon  our  oil 
supply,  and  the  question  of  the  adequacy  and  duration  of 
this  supply  so  directly  concerns  the  individual  citizen 
and  the  general  public,  at  present,  that  an  estimate  is 
imperatively  necessary,  even  if  it  be  but  a  scientific 
guess,  based,  with  careful  study,  experience  and  judg- 
ment on  the  best  information  available. 

In  response  to  the  growing  interest  of  the  public,  four 
estimates  of  the  oil  resources  of  the  United  States  have 
been  made.  In  1908  Dr.  David  T.  Day,*  then  in  charge 
of  petroleum  statistics  in  the  U.  S.  Geological  Survey, 
calculated  the  total  amount  of  oil  originally  available  in 
the  ground  as  ranging  somewhere  between  a  minimum  of 
10,000,000,000  and  a  maximum  of  24,500,000,000  bbl.  In 
1915  Dr.  Ralph  Arnold*  placed  the  original  supply  of  oil 
at  9,098,557,000  bbl.,  of  which  he  believed  5,763,100,000 
bbl.  remained  in  the  ground  at  the  end  of  1914.  The  third 
estimate  was  made  by  the  geologists  of.  the  oil  and  gas 
section  of  the  Geological  Survey  for  the  use  of  the  Secre- 
tary of  the  Interior  in  responding  to  a  Senate  resolution 
of  Jan.  5,  1916,  and  was  published  in  Senate  Document 
810,  Sixty-fourth  Congress,  first  session,  Feb.  2,  1916. 
According  to  this  estimate  the  reserve  of  oil  available 
at  the  end  of  1915  was  7,629,000,000  bbl.  In  the  spring 
of  1917  the  production  records  and  the  possible  oil  re- 
gions were  closely  reconsidered  with  marked  conserva- 
tism by  the  same  geologists,  each  studying  the  regions 
with  which  he  had  field  acquaintance,  with  the  result 
that  the  total  oil  available  in  the  ground  at  that  time 
was  estimated  at  6,182,000,000  bbl. 

In  the  preparation  of  estimates  by  the  U.  S.  Geological 
Survey  consideration  has  been  given  to  the  general  char- 
acter of  the  geologic  formations^stratigraphy,  geologic 
history,  structure — the  number,  thickness,  continuity  and 
pore  space  of  sands,  the  curves  of  production,  the  gas 
pressure,  the  water  relations,  and  the  results  of  drilling 
in  near-by  or  geologically  similar  regions.  A  large  part 
of  the  producing  or  possibly  productive  area  in  the  West- 
em  States  has  been  examined  and  mapped  by  the  oil  and 
gas  geologists  of  the  Survey  or  is  now  under  examination. 


*U.  S.  Geolofirical  Survey  Bulletin,  No.  894.  1909,  pagre  30. 
*Economic  Oeology,  vol.  10,  No.  8,  page  695,  December,  1915. 
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Typical  area3  in  the  Central,  Gulf  and  Eastern  States 
have  also  been  studied.  Nevertheless,  the  criteria  upon 
which  estimates  can  be  based  vary  in  every  degree  of 
inadequacy  in  the  different  regions,  and  the  quality  of 
the  results,  therefore,  varies  with  the  extent  and  charac- 
ter of  the  data  available  and  with  the  personal  equation 
of  the  estimators.  Necessarily  the  estimates  for  areas 
not  yet  tested,  especially  those  remote  from  the  producing 
fields,  are  based  upon  theoretical  conditions,  carefully 
considered.  For  most  of  the  areas  estimates  were  first 
formulated  by  the  geologists  who  had  studied  the  areas. 
Later,  these  estimates  were  discussed  in  conferences. 

Recent  Geologic  Investigations 

Further  recent  geologic  investigations  in  the  field  and 
the  study  of  the  results  of  testing  and  exploration,  es- 
pecially in  the  Rocky  Mountain  and  Gulf  States,  have 
furnished  the  basis  for  a  more  reliable  recalculation  of 
the  estimates  for  a  number  of  the  regions.  The  conclu- 
sion reached  is  that  the  available  oil  in  the  ground  at  the 
end  of  1918  approximates  6,740,000,000  bbl. 

The  new  estimates,  combined  according  to  the  com- 
mercial fields,  are  given  in  the  accompanying  table,  in 
which  for  comparison  and  information  are  shown  the 
marketed  production  for  1917  and  the  estimated  output 
for  1918,  as  compiled  by  John  D.  Northrop  of  the  Geo- 
logical Survey  in  charge  of  statistics  of  petroleum  and 
natural  gas,  and  the  approximate  total  production  of 
petroleum  in  the  United  States  to  the  end  of  1918,  also 
based  on  Geological  Survey  records.  For  the  immediate 
convenience  of  the  reader  there  is  also  included  the  per- 
centages of  average  gasoline  recovery  from  the  oils  of 
the  different  fields  at  the  present  time.  For  the  latter 
data  the  writer  is  indebted  to  Chester  Naramore  of 
the  Bureau  of  Mines,  in  which  bureau  the  returns  of 
gasoline  recovery  from  the  oil  runs  are  compiled.  The 
general  characteristics  of  the  various  crude  oils  in  the 
different  fields  are  too  well  known  to  require  discussion  in 
this  paper,  and  their  especial  qualities  will  be  fully  con- 
sidered in  those  to  follow.  It  will,  however,  be  noted 
that  the  reserves  of  the  heavy  oils  of  California  and  the 
Gulf  coast  are  estimated  at  about  8,000,000,000  bbl 
Probably  such  low-gasoline  oils  comprise  more  than  one- 
half  of  the  total  reserves. 

Those  who  have  followed  the  history  of  petroleum  in 
America  and  understand  how  much  of  our  present-day  oil- 
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field  development  has  taken  place  since  Day  made  his 
estimates  in  1908  and  even  since  Arnold  calculated  the 
reserves  in  1915  will  appreciate  the  great  advantages, 
mainly  in  the  form  of  results  of  exploration  and  records 
of  production,  enjoyed  by  those  who  make  computations 
now.  However,  with  these  circumstances  in  mind,  we 
may,  nevertheless,  for  comparison,  compensate  and  bring 
to  date  the  earlier  estimates  by  deducting  subsequent 
production  to  the  end  of  1918.  The  available  oil  in  the 
ground  at  present  would  be,  according  to  these  estimates, 
as  follows: 

Day  (estimate  in  1908),  5,402,000,000  to  19,902,000,000 
bbl. 

Arnold  (estimate  in  1915),  4,500,000,000  bbl. 

Geological  Survey  (estimate  in  1916),  6,647,000,000  bbl. 

Geological  Survey  (estimate  in  January,  1919),  6,740,- 
000,000  bbl. 

The  recent  estimate  by  the  Geological  Survey  as  given 
above  and  as  differentiated  by  fields  in  the  accompanying 
table,  differs  from  that  of  1916  mainly  in  a  more  con- 
servative view  as  to  prospects  in  Montana  and  recoveries 
along  the  Gulf  coast  and  in  a  more  optimistic  attitude 
toward  Kansas  and  the  States  of  little  or  no  present  pro- 
duction. As  compared  with  the  very  conservative  esti- 
mate formulated  in  the  Geological  Survey  in  1917,  they 
represent  greater  confidence  in  Wyoming,  north  Texas, 
Alaska  and  several  minor  States.  In  general,  they  are  to 
be  regarded  as  conservative,  and  there  is  little  probability 
that  the  actual  yield  will  fall  short  of  the  calculated 
amounts.  They  are,  however,  likely  to  be  again  revised 
in  the  near  future,  as  the  modes  of  occurrence  of  oil  and 
gas  in  different  regions  become  more  fully  understood,  as 
exploration  proceeds,  and  as  the  areas  offering  possibili- 
ties of  oil  discoveries  are  examined  more  in  detail. 

The  reports  of  production  of  petroleum  in  the  United 
States,  as  compiled  by  the  Division  of  Mineral  Resources 
of  the  Geological  Survey,  show  that  since  1858  approxi- 
mately 4,598,000,000  bbl.  of  petroleum  has  been  taken 
from  the  ground.  This  is  more  than  two-thirds  as  much 
as  remains  available  according  to  the  latest  estimate  by 
the  Geological  Survey,  and  exceeds  what  would  now  be 
left  according  to  Arnold.  Further,  the  oil  companies  are 
now  taking  out  over  one-third  of  a  billion  barrels  a  year. 
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Relation  of  Production  and  Consumption 

The  situation  as  to  petroleum  production  and  the  im- 
portance of  the  remaining  oil  resources  of  the  United 
States  are  both  graphically  indicated  by  the  curves  in 
the  accompanying  chart.  The  most  significant  features 
here  shown  are  the  steep  ascent  of  the  consumption  curve 
and  the  flattening,  in  1918,  of  the  curve  of  actual  pro- 
duction in  spite  of  the  vigorous  efforts  of  the  oil  com- 
panies to  increase  their  war-time  output  even  at  the  ex- 
pense of  their  proved  reserves,  To  fill  the  gap  between 
our  actual  domestic  production  and  the  requirements  of 
domestic  consumption  it  has  been  necessary  to  reduce  the 


Chart  Giving  thb  Relations  Between  tub  Production  and 
Consumption  of  Petroleum  in  the  United  States  for  the  Past 

28  Years 

oil  in  storage  to  the  extent  of  27,000,000  bbl.  and  to  sup- 
plement this  with  a  net  importation  of  31,000,000  bbl., 
chiefly  from  Mexico.  The  deficiency  of  our  current  pro- 
duction during  1918  has,  therefore,  amounted  to  58,000,- 
000  bbl.,  nearly  half  of  which  has  been  withdrawn  from 
storage.  That  is  to  say,  this  country  has  to  the  extent 
of  27,000,000  bbl.  of  storage  oil  been  living  on  its  reserve, 
which  is  now  reduced  to  about  123,000,000  bbl. 

According  to  general  expectations,  barring  disaster, 
shortage  of  supply,  or  much  higher  prices  that  might 
result  from  such  shortage,  the  consumption  curve  is  des- 
tined, during  the  next  year  and  probably  longer,  to  con- 
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tinue  its  present  general  trend  beyond  the  400,000,000- 
bbl.  mark,  which  it  nearly  reached  (397,000,000  bbl.)  in 
1918.  On  the  other  hand,  whether  the  domestic  pro- 
duction can  be  increased  in  volume  to  correspond  to  the 
consumption  remains  to  be  seen.  Glenn  pools  and  Gush- 
ings  may  await  discovery,  but  the  strike  of  a  Glenn  pool 
such  as  produced  the  bulge  in  the  storage  curve  for  1907 
and  1908,  or  of  new  Healdtons  and  Cushings,  such  as 
were  largely  responsible  for  the  production  swell  of  1914- 
15,  will  maice  a  less  conspicuous  wave  in  the  greatly  ex- 
panded and  diffused  production  of  today.  Texas,  the 
Osage  country  and  Wyoming  will  furnish  notable  contri- 
butions, but  so  many  fields  are  now  running  dovm  that  it 
will  require  numerous  successive  strikes  of  large  magni- 
tude to  send  the  production  curve  so  high  that  oil  will  go 
into  storage  without  considerably  increased  importations. 
On  the  whole,  even  with  prices  stimulating  the  driller  to 
greater  efforts,  it  seems  unlikely  that  the  domestic  pro- 
duction of  petroleum  can  at  best  gain  appreciably  on  the 
reasonably  expected  increase  in  consumption.  It  seems 
more  probable  that,  unless  consumption  is  restrained  by 
high  costs,  the  gap  between  consumption  and  production 
will  continue  to  widen.  In  any  event,  this  gap  must  be 
filled  with  oil  from  other  sources.  Further  exhaustion 
of  stocks  in  1919  is  a  certainty  that  can  be  successfully 
minimized  only  by  still  larger  importations. 

The  situation  demands  not  only  the  prevention  of 
waste,  but  the  most  economical  and  effkient  use  of  our  oil. 
Also,  it  warns  operators  to  consider  more  thoughtfully 
and  promptly  the  acquisition  of  foreign  oil  reserves. 
Mexico,  to  which  the  American  public  looks  with  opti- 
mistically hopeful  eyes,  probably  contains  less  oil — ^per- 
haps very  much  less — ^than  remains  in  the  ground  in  the 
United  States. 

How  long  the  commercial  production  of  natural  petro- 
leum will  continue  in  this  country  is  a  question  whose 
answer  is  no  less  speculative  than  the  quantitative  esti- 
mates. After  the  production  peak  is  passed,  be  it  1 
year  or  5,  the  annual  output  of  natural  oil  will  decline 
gradually  for  a  long  time.  Oil  wells  will  be  producing  at 
least  75  years  hence.  The  pools  cannot  all  be  so  soon  dis- 
covered; the  oil  cannot  immediately  be  got  out  of  the 
ground.  The  discovery  of  deep  sands  is  likely  to  give  new 
life  to  many  old  or  even  abandoned  fields.  Pools  will  be 
found  after  prolonged  search  and  repeated  wildcatting  in 
old  as  well  as  new  regions,  and  this  is  probably  especially 
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true  of  the  Gulf  coast,  where,  unless  geologic  discovery 
and  consequent  new  methods  of  search  come  to  the  aid 
of  the  driller,  it  may  be  75  years  before  some  of  the 
productive  salt  domes  are  revealed. 

The  most  significant  feature  of  the  prospect,  however, 
is  the  probability  that,  although  an  estimated  two-thirds 
of  our  reserve  is  still  in  the  ground,  with  an  annual  drain 
of  one-third  of  a  billion  barrels,  the  peak  of  produc- 
tion will  sooB  be  passed,  possibly  within  3  years.  The 
date  when  the  peak  will  be  reached  is  a  matter  of  indi- 
vidual opinion,  in  which  predictions  have  wide  range. 
There  are  many  well-informed  geologists  and  engineers 
who  believe  the  peak  in  the  production  of  natural  petro- 
leum in  this  country  will  be  reached  by  1921  and  who 
present  impressive  evidence  that  it  may  come  even  before 
1920. 

Development  op  Oil  Shale 

In  her  deposits  of  oil  shale  the  United  States  has  an 
anchor  to  windward.  Oil  shale  is  a  richly  bituminous 
shale,  some  of  it  approaching  cannel  in  character,  inter- 
bedded,  like  coal,  in  series  of  shales,  sandstones  and  lime- 
stones. The  most  extensive  and  valuable  deposits  known 
in  America  if  not  in  the  whole  world  are  in  northwestern 
Colorado,  northeastern  Utah,  and  southwestern  Wyoming, 
mainly  in  what  is  known  as  the  Uinta  Basin.  Rich  beds 
of  oil  shale  also  occur  in  very  limited  areas  in  northeast- 
em  Nevada.  Minor  deposits,  more  conveniently  located 
but  for  the  most  part  leaner  and  less  promising,  are 
found  in  the  Mississippi  Valley  and  the  Appalachian 
States.  D.  E.  Winchester*  and  A.  R.  Schultz,  of  the  Geo- 
logical Survey,  have  estimated  that  there  are  in  Colorado, 
Utah,  Wyoming  and  Nevada  deposits  of  oil  shale  in  thick- 
nesses of  3  ft.  or  more,  and  capable  of  yielding  25  gal.  or 
more  of  oil  per  ton,  sufficient  to  produce  at  least  75,000,- 
000,000  bbl.  of  oil. 

The  oil  is  generated  through  the  destructive  distillation 
of  the  shale,  and  its  character  and  composition  depend 
largely  on  the  processes  employed.  Rough  dry  or  steam 
distillation  tests  produce  distillates,  essentially  heavy  pe- 
troleums, carrying  both  paraffin  and  asphalt  with  con- 
siderable nitrogen  and  yielding  gasoline  in  an  average 
of  about  12  per  cent.    These  rough  tests  indicate  that  the 


*U.  S.  Geological  Survey  Bulletin  No.  641-F,  1917 ;  Bulletin  No. 
•91-B,  1918. 
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gasoline  obtainable  by  dis.tillation  of  these  shales,  even  by 
simple  methods,  far  exceed  in  amount  all  the*  petroleum 
yet  produced  in  the  United  States  and  may  equal  the 
remaining  natural  oiL 

The  production  of  oil  from  these  shales  is  still  in  the 
experimental  stage,  in  which  various  methods  are  being 
tested.  Much  doubtless  depends  on  the  processes  devised 
and  adopted.  It  is  possible  that  initial  commercial  suc- 
cess may  be  determined  as  much  by  a  study  of  methods 
and  of  the  possible  by-products  and  their  values  as  by  a 
further  advance  in  oil  prices.  The  technologic  problems 
connected  with  the  utilization  of  the  oil  shales  are  worthy 
of  research  by  the  best  hydrocarbon  engineers  and 
chemists. 

Shale  oil  is  the  most  natural,  satisfactory  and  ample 
substitute  for  petroleum,  and  it  is  likely  to  come  into 
the  market  as  the  production  curve  of  the  natural  oil 
glides  downward  beyond  the  peak,  if  not  sooner.  It  must 
be  borne  in  mind,  however,  that  in  spite  of  the  probable 
very  rapid  growth  of  the  shale-oil  industry,  beginning 
with  the  day  that  shale  oil  is  produced  profitably  on  a 
commercial  scale,  it  will  require  several  years  to  con- 
struct and  put  into  operation  the  enormous  plants  neces- 
sary to  treat  the  millions  of  tons  of  shale  which  must  be 
distilled  in  order  to  offset  the  waning  production  of  nat- 
ural oil,  or  fill  a  part  of  the  gap  between  the  production 
and  consumption  of  petroleum  in  the  United  States. 
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STATUS  OF  REFINERY  PRACTICE  WITH 
REGARD  TO  GASOLINE  PRODUCTION^ 

By  Db  E  W  Dean* 

THE  production  of  gasoline  in  this  country  could  be 
increased    through   the   following  changes   in   re- 
finery practice: 

(1)  Universal  adoption  of  a  high  "end-point,"  or 
upper  volatility  limit  for  gasoline 

(2)  General    use    of    more    eflkient    distillation 
methods  and  equipment 

(3)  Recovery  of  gasoline  now  lost  in  refinery  op- 
eration 

(4)  Wider  use  of  cracking  processes 

Other  possible  methods  of  increase  are  not  considered 
of  sufiScient  importance  to  merit  discussion  in  this 
connection.  Some  of  the  details  of  the  four  meth- 
ods of  increase  are  discussed  and  it  is  estimated  on  the 
basis  of  the  evidence  now  at  hand  that  the  maximum 
percentage  increases  in  production  under  the  four 
heads  listed  are  as  follows:  (1)  15  to  20  per  cent;  (2) 
10  per  cent;  (3)  10  per  cent,  and  (4)  100  per  cent.  It 
is  shown,  however,  that  all  four  maximum  increases 
are  not  simultaneously  possible  and  that  the  increase 
estimated  for  the  wider  use  of  cracking  processes  im- 
plies a  marked  and  apparently  improbable  decrease  in 
the  use  of  fuel  oil.  The  paper  shows  also  that  the 
general  use  of  kerosene  distillates  as  fuel  in  internal- 
combustion  engines  would  not  increase  the  total  supply 
by  more  than  55  per  cent. 

The  general  conclusion  is  that  the  wider  use  of  crack- 
ing processes  is  the  one  important  possibility  of  in- 
crease, and  that  this  is  subject  to  considerable  advances 
in  the  art  of  cracking  and  to  a  notable  decrease  in  the 
use  of  fuel  oil. 

As  one  of  a  series  of  papers  discussing  future  pros- 
pects for  a  supply  of  internal-combustion  engine  fuel, 
the  Bureau  of  Mines  has  been  asked  to  present  informa- 
tion relative  to  the  efficiency  of  present-day  petroleum 
refinery  practice.  The  Bureau  is  sufficiently  acquainted 
with  this  subject  to  realize  the  inadequacy  of  the  data 
upon  which  discussion  must  be  based.  The  figures  given 
are  actually  nothing  more  pretentious  than  a  series  of 


^Published  by  permission  of  the  Director  of  the  Bureau  of  Mines. 
*Petroleum  chemist.  Bureau  of  Mines  Experiment  Station,  Pitta- 
burgh,  Pa. 
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rough  estimates,  and  any  constructive  criticism  that  may 
be  offered  regarding  them  will  be  welcomed. 

Possibilities  or  Advance  in  Refinery  Practice 

The  several  most  important  ways  in  which  the  pe- 
troleum refining  industry  can  increase  the  output  of  gaso- 
line from  a  given  quantity  of  crude  oil  may  be  listed  as 
follows*: 

(1)  Universal  adoption  of  a  high  "end-point"  or  upper 
volatility  limit  for  gasoline 

(2)  General  use  of  more  efficient  distillation  methods 
and  equipment 

(3)  Recovery  of  gasoline  now  lost  in  refinery  opera- 
tions 

(4)  Wider  use  of  cracking  processes 

There  are  considerable  differences  in  the  grades  of 
gasoline  marketed  throughout  the  country  by  different 
refineries  and  sometimes  at  different  times  by  the  same 
refinery.  A  notable  point  of  variation  is  the  upper  vola- 
tility limit,  or  end-point.  In  the  days  when  gasoline 
was  simply  a  by-product  of  the  refining  industry,  the  end- 
point  figure  was  approximately  150  deg.  cent.  (802  deg. 
fahr.).  This  type  of  gasoline  is  now  practically  extinct, 
and  the  so-called  'liigh-test"  engine  fuel  now  marketed 
in  relatively  small  quantities  has  an  end-point  of  ap- 
proximately 175  deg.  cent.  (347  deg.  fahr.).  The  usual 
grades  of  gasoline  are  represented  by  end-point  figures 
between  the  limits  of  200  deg.  cent.  (392  deg.  fahr.)  and 
280  deg.  cent.  (446  deg.  fahr.). 

The  fact  that  gasoline  of  as  high  end-point  as  280 
deg.  cent.  (446  deg.  fahr.)  is  being  used  in  tremendous 
quantity  and  with  satisfactory  results  renders  it  desir- 
able to  consider  the  possible  increase  in  engine  fuel  sup- 
ply if  this  upper  volatility  limit  were  universally  main- 
tained. The  Bureau  cannot  go  on  record  at  present  as 
either  advocating  or  opposing  such  a  standard,  but  is 
simply  discussing  what  might  be  accomplished  in  the  way 
of  increased  gasoline  production  if  it  were  adopted.  The 
present  estimate,  based  on  miscellaneous  data  at  hand,  is 
that  from  15  to  20  per  cent  more  gasoline  would  be 
available  if  a  universal  end-point  equivalent  to  that  of 


*One  other  possibility  misrht  be  mentioned ;  the  reflningr  of  crude 
petroleum  now  marketed  as  fuel  oil  without  removing  its  naphtha 
content.  The  Bureau  has  not.  however,  succeeded  in  uncovering 
statistical  evidence  Indicatlngr  that  developments  in  this  line  could 
augment  production  by  a  maximum  of  more  than  3  to  5  per  cent 
of  the  quantity  of  gasoline  now  refined. 
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the  "heaviest"  grade  at  present  marketed  in  quantity 
should  be  maintained/ 

The  possibility  of  such  a  standard  is,  incidentally,. de- 
pendent upon  either  a  considerably  increased  production 
of  casinghead  gasoline  or  the  development  of  engines  that 
can  utilize  liquid  fuel  having  smaUer  properties  of  vola- 
tile constituents  than  the  types  now  marketed.  The  high 
end-point  gasoline  now  marketed  is  almost  invariably  of 
the  blended  casinghead  type. 

The  distillation  methods  employed  by  petroleum  re- 
fineries do  not  operate  with  the  same  degree  of  efficiency 
that  is  attained  in  some  other  industries.  Certain  per- 
centages of  hydrocarbons  boiling  below  the  accepted 
upper  temperature  limit  for  gasoline  are  always  present 
in  kerosene  or  fuel  oil.  This  does  not  necessarily  dis- 
credit the  technical  ability  of  refiners,  many  of  whom  are 
maintaining  as  high  a  degree  of  distillation  efficiency  as 
is  profitable  under  present  commercial  conditions.  There 
is  no  doubt,  however,  as  to  the  possibility  of  augmenting 
the  gasoline  supply  through  an  increase  in  the  average 
distillation  efficiency  of  refineries,  and  it  is  important 
to  estimate  the  order  of  magnitude  of  the  probable  gain. 

Here  again  exact  data  are  lacking,  and  reliance  has 
been  placed  on  miscellaneous  indirect  evidence.  The 
probability  seems  to  be  that  efficiency  in  gasoline  re- 
covery varies  in  different  refineries  between  the  limits 
of  75  and  95  per  cent.  The  latter  figure  is  probably 
about  the  maximum  that  can  be  economically  attained, 
and  the  average  is  undoubtedly  not  lower  than  half  way 
between  the  limits.  It  is,  therefore,  improbable  that  the 
Nation's  supply  of  gasoline  will  be  increased  more  than 
about  10  per  tent  through  advances  in  the  technique  of 
large  scale  petroleum  distillation. 

Recovery  of  Gasoline  Lost  at  Present 

Bureau  of  Mines  refinery  statistics  for  1917  and  for 
the  first  seven  months  of  1918  show  that  an  average  of 


*In  this  connection  it  is  interestin^r  to  note  the  probable  Inoreaoe 
that  would  result  if  the  end-point  universally  adopted  were  suffl- 
clently  higrh  to  include  the  fractions  of  petroleum  now  marketed  as 
kerosene.  Bureau  of  Mines  refinery  statistics  for  the  calendar  year 
1937  show  that  about  20  per  cent  of  the  crude  petroleum  refined  was 
marketed  as  gasoline  and  about  11  per  cent  as  kerosene.  If.  there- 
fore, the  end-point  selected  were  high  enough  to  include  i>oth  of 
these  fractions,  instead  of  stopping  with  a  figure  representative  of 
the  "heavy"  engine  gasolines  of  today,  the  resulting  Increase  In 
supply  would  be  65  per  cent,  instead  of  15  to  20  per  cent  Where- 
fore, it  appears  that  even  the  long-sought  kerosene  consuming  en- 
gine is  not  going  to  keep  the  automotive  industry  on  "easy  street" 
for  many  years. 


Digitized  by 


Google 


282  THE    SOCIETY    OF    AUTOMOTIVE    EN6INEEBS 

about  4  per  cent  of  the  crude  oil  treated  was  lost  in  the 
course  of  refinery  operations/  Part  of  this  loss  was,  of 
course,  inevitable,  but  part  represented  gasoline  that 
escaped  with  refinery  gases.  Recovery  of  this  gasoline 
could  have  been  effected  by  the  use  of  methods  and  equip- 
ment similar  to  those  employed  for  the  production  of  cas- 
inghead  gasoline.  Such  processes  are  already  success- 
fully operating,  and  there  is  no  reason  to  doubt  that  the 
extraction  of  gasoline  from  refinery  gases  will  eventu- 
ally become  a  general  practice. 

Assuming  that  half  of  refinery  losses  are  preventable 
in  this  way,  it  appears  that  gasoline  amounting  to  about 
2  per  c^it  of  the  crude  oil  refined  and  about  10  per  cent 
of  the  gasoline  produced  could  be  added  to  the  supply  of 
motor  f  ueL 

The  wider  use  of  cracking  processes  is  without  doubt 
the  most  promising  means  by  which  refiners  can  increase 
their  output  of  gasoline  from  a  given  amount  of  crude 
petroleum. 

In  a  paper  presented  before  this  Society  about  a  year 
ago,*  I  ventured  to  state  an  opinion  to  the  effect  that, 
if  cracking  processes  were  employed  to  the  full  extent 
of  their  applicability,  the  total  production  of  gasoline 
from  the  quantity  of  crude  oil  now  produced  might 
be  doubled.  This  statement  is  one  that  indicates  con- 
siderable optimism  for  the  future  of  the  cracking  art, 
and  the  Bureau  has  been  agreeably  surprised  at  its  fail- 
ure to  arouse  controversy.  To  prevent  any  future  mis- 
interpretation, it  is  perhaps  best  to  maSe  clear  the  fact 
that  this  statement  implies  a  possibility,  the  commercial 
feasibility  of  which  is  yet  to  be  demonstrated. 

The  future  of  cracking  processes  may  j^e  affected  by 
the  development  of  unfavorable  conditions  of  various 
sorts.  Tvfp  in  particular  deserve  mention  in  the  present 
connection. 

Up  to  date,  the  development  of  the  art  of  cracking  has 
been  far  from  complete,  in  spite  of  the  considerable  at- 
tention that  has  been  given  to  this  line  of  technical  op- 
eration. Only  one  process,  that  of  Burton,  is  today  a 
real  commercial  factor  in  the  production  of  motor  fuel, 
and  this  is  representative  of  a  type  that  seems  to  in- 


*Senate  Document  No.  280,  Sixty-flfth  Confess,  second  session. 
Letter  from  the  Director  of  the  Bureau  of  Mines,  'entitled  "Produc- 
Uon  of  Crude  Oil,"  Sept.  24,  1918. 

•"Fuel  for  Automotive  Apparatus,"  by  E.  W.  Dean,  Journal  of 
THK  SociETT  OF  AuTOMOTiVB  Enqineerb,  vol.  2.  No.  1  (January. 
1918).  pace  47. 
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volve  certain  inherent  limitations  in  applicability.  If  the 
cracking  reaction  is  to  be  applied  to  the  extent  necessary 
for  a  doubled  gasoline  production,  other  types  of  pro- 
cesses must  be  put  into  successful  commercial  operation, 
or  the  present  apparent  limitations  of  the  class  in  which 
the  Burton  process  belongs  must  be  obviated.  The 
Bureau  of  Mines  is  optimistic  regarding  the  future  com- 
mercial success  of  several  other  processes,  but  believes  it 
is  only  fair  to  state  that  such  success  is  not  known  to 
have  been  attained,  as  yet,  in  any  large  measure. 

A  second  development  that  may  restrict  cracking  op- 
erations is  the  existence  of  an  unfavorable  ratio  between 
the  market  prices  of  gasoline  and  fuel  oil.  The  produc-  . 
tion  of  cracked  gasoline  necessitates  the  consumption  of 
fuel  oil,  and,  if  the  demand  for  the  latter  commodity  ex- 
ceeds the  supply,  its  price  is  bound  to  rise  and  the  mar- 
gin of  profit  on  cracking  processes  will  be  wiped  out. 
It  is  an  open  question  whether  the  consumption  of 
fuel  oil  can  ever  be  reduced  sufficiently  to  permit  doub- 
ling the  production  of  gasoline  by  the  use  of  cracking 
processes.  The  Bureau  of  Mines  cannot  venture  any 
prediction  in  this  line,  except  that  the  price  of  gasoline 
is  •likely  to  exceed  the  present  level  before  cracking 
processes  will  be  employechto  the  extent  indicated. 

Summary 

The  estimates  included  in  the  present  series  appar- 
ently indicate  that  the  refiner  may  be  able  to  augment 
his  production  of  gasoline  from  a  given  amount  of  crude 
petroleum  by  from  35  to  40  per  cent,  exclusive  of  the 
gains  possible  through  wider  application  of  the  cracking 
reaction.  Some  of  the  possibilities,  however,  overlap 
each  other,  and  a  more  probable  summation  estimate  is 
25  to  80  per  cent.  The  Bureau  believes  that,  if  com- 
mercial developments  are  favorable,  the  wider  use  of 
cracking  processes  may  permit  of  further  increases  up 
to  a  possible  additional  100  per  cent.  No  prediction, 
however,  is  ventured  as  to  what  part  of  this  figure  will 
actually  be  attained. 

It  may  be  mentioned,  also,  that  the  development  of  en- 
gines capable  of  utilizing  the  combined  gasoline  and 
kerosene  fractions  of  crude  petroleum  would  not  be 
likely  to  alter  the  limit  of  maximum  increase,  but  would 
materially  hasten  the  day  when  it  would  be  attained,  and 
would,  in  considerable  degree,  help  to  keep  the  price  of 
liquid  fuel  from  ascending  to  painfully  high  altitudes. 
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The  present  paper  may  have  produced  the  impression 
that  the  Bureau  of  Mines  is  not  enthusiastic  over  the 
advantages  to  be  gained  by  the  development  of  a  kero- 
sene-consuming internal-combustion  engine.  Such  is  not 
the  case,  but  it  must  be  emphasized  that  this  is  not  the 
only  line  along  which  the  automotive  industry  must  work. 

In  preparing  this  paper,  the  author  has  made  very 
extensive  use  of  statistical  information  collected  by  H. 
F.  Mason  of  the  Bureau  of  Mines.  The  evidence  upon 
which  estimates  are  based  has  been  reviewed  with  H.  H. 
Hill,  J.  P.  Smootz  and  E.  E.  Lyder  of  the  chemical  staff 
of  the  Bureau  of  Mines,  Petroleum  Division,  and  the 
.figures  given  have  been  agreed  upon  as  most  probable. 

THE    DISCUSSION 

Hugo  C.  Gibson: — The  paramount  thought  expressed 
by  all  authorities  on  this  vexed  subject  is  that  we  can- 
not have  the  easily  vaporized  engine  fuel;  that  we  must 
be  content  with  the  higher  boiling  point,  and  that  it  is 
"up  to"  the  engine.  I  agree  with  this  and  believe  that 
the  solution  which  will  avoid  too  sudden  a  change  and 
partial  disorganization  of  the  automobile  business  is  to 
educate  the  public  to  modify  their  demand  for  a  vehicle 
that  will  do  sleight-of-hand  tf  icks  in  getting  under  way 
at  the  touch  of  a  button  and  will  require  no  attenti(»i 
under  extreme  atmospheric  changes  of  temperature;  to 
educate  them  to  be  as  economical  of  their  fuel  as  the 
public  of  other  countries  not  so  blessed  as  this  in  the 
ownership  of  the  actual  source  of  supply  of  their  fuel; 
to  make  them  realize  that  specific  devices  must  be  em- 
ployed to  overcome  the  difficult  problem  now  facing  them, 
and  that  the  application  of  these  devices  to  automobiles 
will  necessarily  increase  the  prime  cost  of  the  vehicle, 
but  that  it  will  reduce  the  high  future  cost  of  pleasure 
motoring  and  of  food  and  merchandise  produced  or 
transported  by  motor  vehicles ;  to  educate  them  to  realize 
that  they  are  today  discarding,  wasting,  a  large  pro- 
portion of  these  natural  resources  and  that  with  the 
cooperation  of  the  automotive  manufacturer  the  wastage 
will  be  saved. 

At  present  the  public  blames  the  refiner  for  the  poor 
gasoline,  whereas  it  is  not  the  fault  of  the  refinery  or  its 
product  that  we  break  up  our  engines  and  deplete  our 
pocketbooks  any  more  than  it  is  the  fault  of  the  kitchen 
that  we  break  a  tooth  and  damage  our  digestion  on  the 
pearl  concealed  within  the  oyster.    The  pearl  is  there  by 
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beneficence  of  nature  and  force  of  circumstances.  It  is 
our  fault  if  we  do  not  recognize  the  pearl  and  place  it 
in  an  appropriate  setting  so  that  it  may  become  of 
maximum  value.  The  advantages  of  economy  in  the  re- 
finery will  accrue,  but  these  economies  are,  while  essen- 
tial, of  somewhat  minor  importance  in  comparison  with 
the  wanton  waste  of  the  mickle  per  engine  which  makes  a 
muckle  for  the  country. 

I  had  the  pleasure  of  conducting  a  test  recently  in 
which  twenty  automobiles  of  various  makes  each  traveled 
1000  miles,  traversing  five  States,  including  New  York 
and  the  District  of  Columbia.  Some  of  them  used  gaso- 
line and  some  kerosene  with  a  small  quantity  of  gasoline 
separately  used  for  the  purpose  of  starting  and  warming 
up.  The  consumption  was  markedly  decreased  in  the  case 
of  all  the  cars  which  used  special  applications  of  heat 
in  the  vaporization  of  fuel.  An  increase  of  mileage  per 
gallon  of  fuel  of  50  per  cent  was  general,  including  those 
using  kerosene.  The  engines  of  most  of  the  kerosene 
users  showed  little  or  no  carbon  and  their  crankcase  oil 
condition  was  generally  excellent.  They  required  but 
little  more  attention  than  the  gasoline  cars.  The  educa- 
tive value  of  such  publicly  conducted  tests  is  inestimable. 
I  apprehend  that  coordinated  effort  on  the  part  of  the  pro- 
ducer, the  refiner  and  the  automotive  manufacturer  along 
such  lines  will  discover  the  pearl  to  the  user.  That  done, 
the  way  to  save  the  wastage  from  the  oil  well  to  the  user 
will  be  easier.  I  ask  that  a  committee  be  appointed  to 
coordinate  the  powerful  interests  on  the  problem,  and  to 
formulate  the  mechanism  necessary  for  attainment  of 
the  end  in  view. 

Dr.  Joseph  E.  Pogue  : — Dr.  Dean  clearly  points  out  the 
pivotal  bearing  of  cracking  upon  the  engine  fuel  supply. 
As  matters  now  stand,  the  automotive  future  is  dependent 
upon  the  competency  of  cracking  to  a  degree  difficult  to 
exaggerate,  and  the  importance  and  potentiality  of  this 
principle  should  not  be  underestimated.  Cracking,  if 
unaffected  by  retarding  economic  factors,  can  apparently 
expand  over  a  course  of  years  so  as  to  lead  to  a  doubling 
of  the  supply  of  gasoline  as  compared  with  the  quantity 
obtainable  without  its  aid.  Also  there  are  reasons  to 
believe,  although  substantiating  figures  cannot  be  ad- 
duced at  the  present  moment,  that  the  operating  cost  of 
the  process  in  widest  use  is  fairly  slight.  But  in  placing 
reliance  upon  cracking,  the  automotive  industry  should 
not  fail  to  consider  the  retarding  factors  that  Dr.  Dean 
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mentions,  as  well  as  others,  including  patent  limitations, 
the  time  required  for  the  acceptance  and  installation  of 
cracking  processes  by  refineries  not  already  so  equipped, 
the  difficulties  in  respect  to  favorable  yields  with  asphaltic 
crudes  and  possible  restrictions  in  expansion  for  pur- 
poses of  financial  advantage.  There  are  few  subjects 
that  stand  more  in  need  of  adequate  economic  study  than 
cracking.  The  matter  can  scarcely  be  properly  valued 
with  the  data  in  hand.  In  the  imperfect  light  that  now 
falls  upon  this  matter,  however,  it  appears  that  4;he  prin- 
ciple offers  a  growing  increment  to  the  gasoline  supply, 
but  one  that  scarcely  can  be  sustained  in  sufficient  mag- 
nitude unless  the  automotive  apparatus,  at  least,  permits 
the  supply  of  gasoline  at  the  same  time  to  expand  in 
such  direction  as  to  include  successive  strata  of  the  kero- 
sene cut,  the  area  least  affected  by  cracking  possibilities. 
So  much  is  discernible  ahead  with  some  measure  of 
clearness. 
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AN  INTERPRETATION  OF  THE  ENGINE- 
FUEL  SITUATION 

By  Dr  Joseph  E  Pogue^ 

THE  automotive  industry  is  developing  without  due 
regard  to  the  f  uei  situation.  This  situation  is  an  in- 
tegral part  of  the  automotive  field  and  should  not  be 
left  out  of  account.  Owing  to  the  pressure  of  auto- 
motive demand,  the  supply  of  engine  fuel  is  changing 
in  character  and  price,  with  danger  of  precipitant  al- 
terations; there  arises  in  consequence  a  fuel  problem 
which  cannot  be  adequately  solved  without  the  active 
participation  of  the  automotive  industry. 

An  analysis  of  the  problem  is  as  follows:  (a)  The 
domestic  production  of  crude  petroleum  is  nearing  its 
maximum;  (6)  the  natural  gasoline  content  of  this 
supply  is  decreasing;  (c)  Mexico  offers  no  permanent 
relief  competent  to  solve  the  issue ;  (d)  substitute  fuels 
do  not  alter  the  situation;  (e)  the  supply  of  engine  fuel 
can  be  maintained  only  through  an  extraordinary  de- 
pendence upon  cracking  or  through  adaptations  in  the 
engine;  (/) cracking  cannot  meet  the  issue  at  a  favor- 
able price,  and  (g)  the  burden,  therefore,  falls  upon 
the  automotive  engine,  which  must  consequently  so 
adapt  itself  as  to  gain  higher  thermal  efficiency,  and 
to  use  less  specialized,  less  volatile,  fuel. 

The  automotive  industry  should,  as  an  emergency 
measure,  take  steps  at  once  to  shape  its  development 
in  the  direction  of  increased  fuel  economy  and  less 
specialized  requirements  as  to  fuel,  establishing  for 
this  purpose  centralized  machinery  to  study  the  prob- 
lem in  full  detail;  to  keep  the  industry  informed  of 
every  development  in  the  situation;  to  co-ordinate  re- 
search and  design  in  the  competing  units  of  the  in- 
dustry; and  to  conduct  basic  lines  of  research  not  now 
adequately  encompassed  by  individual  agencies. 

The  principal  factors  in  the  engine-fuel  situation 
are  the  demand  for  liquid  fuel  and  the  adaptability 
of  the  internal-combustion  engine  on  the  one  hand 
and  the  supply  of  crude  petroleum,  the  gasoline-producing 
capacity  of  this  material,  and  the  substitute  fuels  in 
sight,  on  the  other.    Out  of  the  interplay  of  these  factors 


'Assisting  director  in  technical  matters,  bureau  of  oil  conserva- 
tion, oil  division.  United  States  Fuel  Administration,  Washington. 
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will  come  developments,  f ocussed  in  the  price  of  engine 
fuel,  that  will  determine  the  future  of  the  automotive 
industry.' 

The  Demand  for  Engine  Fuel 

The  demand  for  engine  fuel  has  been  increasing  over 
the  past  few  years  at  an  imposing  rate.  The  nature  of 
this  expansion  is  shown  graphically  in  Fig.  1.  The  con- 
struction program  of  automotive  manufacturers,  more- 
over, affords  no  prospect  of  let-up  in  the  pressure  of  fuel 
requirement;  on  the  contrary,  the  injection  into  the 
situation  of  a  notable  development  in  the  capacity  for 
truck  production  introduces  an  element  that  bids  fair  to 
overshadow  even  the  tremendous  automobile  demand, 
while  the  item  of  tractor  manufacture  looms  ahead  with 
a  fuel  significance  scarcely  second  in  importance.  If 
these  matters  be  projected  into  the  future  unabated,  it 
is  evident  that  the  supply  of  engine  fuel  will  need  to 
be  doubled  every  few  years.  The  automotive  industry  is 
young  and  vigorous,  and  its  continued  expansion  will 
place  an  unexampled  burden  upon  the  engine-fuel  re- 
sources of  the  country. 

Adaptability  of  Engine  Type 

The  automotive  engine  has  developed  and  become  stand- 
ardized in  its  main  features  on  the  basis  of  cheap  and 
volatile  gasoline.  Its  improvement  has  for  the  most  part 
followed  the  direction  of  convenience  and  performance, 
with  secondary  .consideration  to  fuel  economy.  This 
trend  has  been  sustained  to  the  present  time  by  the  ex- 
istence of  a  highly  stimulated  oil  production,  providing 
gasoline  capacity  in  excess  of  gasoline  demand.  So  long  as 
this  condition  obtained,  there  was  no  need  for  the  automo- 
tive industry  to  concern  itself  with  considerations  of  fuel 
supply,  but  now,  with  the  gasoline  capacity  of  the  country 
beginning  to  give  indications  of  strain,  while  the  gaso- 
line demand  is  just  fairly  getting  launched,  the  question 
arises  whether  the  exigencies  of  the  future  will  allow 
the  engine  type  continued  freedom  of  development  in 


The  validity  of  the  conclusions  presented  in  this  paper  depends 
upon  the  correctness  of  the  writer's  dia^osis  in  respect  to  four  basic 
points:  The  domestic  supply  of  crude  petroleum,  the  siemificance  of 
Mexican  petroleum,  the  sigrniflcance  of  cracking,  and  the  adapta- 
bility of  the  automotive  apparatus.  An  independent  check  upon 
these  points,  which  will  serve  to  substantiate,  modify  or  controvert 
the  present  argument,  will  be  aiforded  by  the  other  papers  presented 
at  the  Fuel  Session  of  the  Annual  Meeting  of  the  Society,  as  well 
as  by  a  study  of  the  references  given  at  the  end  of  the  paper. 
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luxury  directions,  or  will  force  adaptations  to  meet  the 
exactions  of  the  fuel  situation. 

Automotive  apparatus  is  mechanically  responsive  to 
changing  requirements,  but  its  adaptation  to  new  con- 
ditions is  retarded  by  the  time  required  to  perfect  me- 
chanical developments  and  the  counter  advantage  to  be 


Fio.  I — The  Gasoline  Situation 
This  composite  chart  is  drawn  trom  data  as  follows :  Crude 
production  from  U.  S.  Geological  Survey ;  gasoline  production 
n-om  U.  S.  Fuel  Administration  and  U.  S.  Bureau  of  Mines; 
automobile  and  truck  consumption  based  on  registration  com- 
piled by  National  Automobile  Chamber  of  Commerce,  and 
consumption  factors  worked  out  by  War  Industries  Board 
(see  manuscript  report  by  M.  J.  Gillen  on  Regulation  of  Uses 
of  Motor  Cars,  Gasoline,  Rubber  Tires  and  Rubber,  Nov.  4, 
1918).  This  chart  is  not  exact  in  final  detail,  but  is  an  in- 
terpretation of  data  approximately  correct 

gained  from  quantity  production  and  standardization, 
with  their  antagonism  to  change.  So  far-reaching  and 
insistent,  indeed,  are  the  claims  in  favor  of  holding  fast 
to  established  standards,  that  departures  can  be  made 
only  at  great  cost  and  in  response  to  powerful  reasons. 
Anticipatory  action  becomes  peculiarly  difikult  in  the 
face  of  these  circumstance!^.  Recognizing  the  strength 
of  the  factor  opposing  changes  in  engine  type  and  seek- 
ing to  force  the  fuel  supply  into  channels  fitting  the  es- 
tablished standards,  we  may  examine  the  fuel  supply  with 
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a  view  to  determining  if  present  engine  standards  can  be 
advantageously  maintained,  and,  if  not,  along  what  lines 
changes  are  likely  to  be  made. 

Supply  of  Engine  Fuel 

The  engine  fuel  in  dominant  use  in  the  United  States 
is  gasoline,  a  mixture  of  volatile  liquids  won  from  crude 
petroleum  by  a  process  of  distillation/  Kerosene,  fuel 
oil,  lubricants,  and  various  by-products  are  produced  at 
the  same  time,  and  bear  an  intimate  relation  to  gasoline, 
as  to  both  production  and  price.  The  relative  output  of 
these  products  in  1917  is  shown  in  Fig.  2.  The  quantity 
of  gasoline  that  the  country  is  capable  of  producing  de- 
pends upon  the  supply  of  crude  petroleum  and  the  gaso- 
line capacity  of  this  material. 

Supply  of  Crude  Petroleum  The  supply  of  crude  pe- 
troleum for  years  to  come  depends  upon  the  unmined  re- 
serve and  the  rate  at  which  it  may  be  won.  The  reserve 
in  the  United  States  was  inventoried  by  the  U.  S.  Geo- 
logical Survey  in  1908,  in  1915,  and  again  in  1918,  with 
results  shown  in  Fig.  3.  The  significant  aspects  of  the 
results  are  two:  The  small  size  of  the  reserve,  approxi- 
mating 7,000,000,000  bbl.  in  1918  (our  annual  production 
is  over  one-third  billion),  and  the  fact  that  in  the  past 
10  yr.,  in  spite  of  an  exceedingly  aggressive  campaign 
of  oil  exploration,  the  decrease  in  the  reserve  has  exceeded 
the  addition  to  the  reserve  through  new  discoveries. 
Those,  therefore,  who  count  upon  new  discoveries  to  ma- 
terially affect  the  basic  situation  overlook  the  fact  that 
already  for  ten  years  discoveries  have  been  failing  to 
do  so. 

At  the  same  time  the  production  of  crude  petroleum  has 
been  steadily  mounting  to  its  present  enormous  figure. 
This  growth  in  output,  shown  in  Fig.  3,  has  been  sus- 
tained, not  primarily  by  the  discovery  of  new  oil  fields, 
but  largely  by  the  cumulative  tapping  of  an  increasing 
number  of  rich  spots  in  inventoried  territory.  There  is 
obviously  a  limit  to  an  output  supported  by  such  a  train 
of  circumstances;  there  are  strong  engineering  and  eco- 
nomic reasons  for  believing  that  the  output  of  crude  pe- 
troleum in  the  United  States  is  nearing  its  maximum 
and  that  the  country  will  soon  pass  into  a  period  of  slow- 
ing and  more  costly  production. 


•A  small  proportion  of  the  supply  is  extracted  from  natural  gas, 
but  this  does  not  largrely  affect  the  general  situation. 
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Fio.    2 — Gasoline    and    Its    Joint-Products 
Data  from  U.  S.  Fuel  Administration 

Gasoline  Factor  The  output  of  gasoline  approximates* 
the  supply  of  crude  petroleum  multiplied  by  its  commer- 
cial gasoline  factor/  which  at  the  present  time  is  about 
20  per  cent.  This  factor,  like  the  supply  of  crude  pe- 
troleum, is  itself  a  variable  figure  depending  upon  the 
proportion  of  the  crude  supply  subjected  to  refining, 
the  natural  gasoline  content  of  this  quantity,  and  the  ex- 
tent to  which  means  are  used  for  forcing  the  gasoline 
yield  above  the  natural  gasoline  content.    Obviously,  as 


^Because  of  the  subordinate  item  of  gasoline  produced  from  natural 
gas.  the  relation  is  not  an  exact  equality. 

•The  commercial  gasoline  factor  is  here  used  to  represent  the  per- 
centage of  gasoline  obtained  from  the  crude  consumed ;  the  natural 
gasoline  factor  is  the  percentage  of  gasoline  contained  in  the  crude 
consumed.  The  first  has  increased  until  it  has  overtaken  the  sec- 
ond.    (See  Fig.  1)     The  terms  are  used  in  a  general  sense. 
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long  as  the  natural  gasoline  is  not  fully  extracted  from 
the  available  crude,  there  is  scant  economic  room  for 
the  development  of  round-about,  ie.,  more  intricate,  more 
costly  means  for  producing  gasoline.  This  was  the  situa- 
tion that  prevailed  in  the  United  States  until  recently; 
this  is  v^^hy  natural-gas  gasoline,  cracked  gasoline,  and 
low-volatile  gasoline  are  all  recent  commercial  develop- 
ments. 

The  proportion  of  the  crude  supply  subjected  to  re- 
fining in  respect  to  gasoline  has  been  steadily  increasing 
until  the  quantity  so  employed  now  approximates  95 
per  cent  pf  the  total.*  Thus,  practically  the  whole  out- 
put has  now  come  to  be  requisitioned  for  gasoline  pro- 
duction. This  is  to  say  that  the  readiest  means  for  in- 
creasing the  supply  of  gasoline,  .i.e.,  refining  a  progress- 
ively larger  percentage  of  the  crude  produced,  has  been 
virtually  forced  to  its  limit;  the  "gasoline  slack"  within 
the  crude  production  has  been  taken  up.  Hence,  the  most 
potent  circumstance  that  has  so  far  enabled  the  de- 
mand for  gasoline  to  increase  without  a  concomitant  in- 
crease in  price,  is  no  longer  in  existence  (see  Fig.  1). 
Further  expansion  in  gasoline  output  will  lie  through 
more  difircult  avenues  than  that  of  merely  increasing  re- 
finery capacity. 

While  dependent  primarily  upon  the  quantity  of  crude 
refined,  the  output  of  gasoline  is  at  the  same  time  a 
function  of  the  average  composition  of  the  various  crudes 
that  go  to  make  up  the  total  supply.  Since  crude  pe- 
troleum varies  in  its  natural-gasoline  content*  from  about 
2V^  per  cent  in  the  case  of  heavy,  asphaltic  oils  to  25  per 
cent  or  more  for  light,  parafifaie  oils,  it  is  evident  that  the 
gasoline  supply  will  be  strongly  influenced  according  to 
the  dominance  of  the  one  or  other  type  of  oil.  As  the 
high-gasoline  crudes  were  the  first  to  be  exploited  in  this 
country,  the  unmined  supply  of  petroleum  has  been  se- 
lectively reduced  in  gasoline  capacity,*  so  that  the  crude 
production  of  the  future  will  show  a  lower  natural-gaso- 
line factor  than  the  crude  supply  of  the  past.  While  this 
matter  cannot  be  expressed  quantitatively,  in  very  rough 


*A  much  smairer  proportion,  of  course,  Is  subjected  to  complete 
refining  with  the  production  of  the  whole  rangrd  of  petroleum 
products. 

^This  term  is  used  in  a  practical,  rather  than  a  strictly  scientific, 
sense. 

*The  •  gasoline  content  of  crude  oil  has  been  known  to  decrease 
even  during  the  life  of  a  griven  pool,  which  is  a  tendency  in  the  same 
direction  as  that  occasioned  by  selective  extraction  in  respect  to 
separate  pools  and  fields. 
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terms  it  may  be  noted  that  the  high-gasoline  crudes  are 
about  half  exhausted,  while  the  low-gasoline  crudes, 
originally  of  about  equal  magnitude,  are  only  about  a 
third  used  up.  In  other  words,  the  country's  gasoline  ca- 
pacity is  being  drawn  upon  more  rapidly,  and  hence  ex- 
hausted more  quickly,  than  is  indicated  by  the  condition 
of  the  crude  supply  viewed  alone.  This  tendency  was  of 
no  immediate  consequence  so  long  as  it  could  be  compen- 
sated by  merely  refining  a  greater  proportion  of  the  out- 
put of  crude;  but  now,  since  practically  all  of  the  domes- 
tic crude  is  used  for  gasoline  extraction,  a  decline  in 
gasoline  content  can  be  offset  only  by  shoving  crude  pro- 
duction to  a  higher  figure  than  would  otherwise  be  neces- 
sary, or  else  through  a  still  greater  use  of  means  for 
wresting  an  unnatural  percentage  of  gasoline  from  the 
crude  obtainable. 
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The  means  for  producing  more  gasoline  than  may  be 
obtained  by  subjecting  the  total  supply  of  crude  to 
straight  refining  are:  (a)  increasing  refinery  efficiency, 
(6)  blending  high-volatile  natural-gas  gasoline  with  low- 
volatile  refinery  gasoline,  (c)  increasing  the  use  of 
cracking  in  refinery  practice,  and  (d)  lowering  the  vola- 
tility of  gasoline.  All  four  means  are  increasing  in 
use.  For  the  sake  of  brevity,  the  first  two  may  be  passed 
over  with  the  comment  that,  while  important,  they  have 
quantitative  limitations  which  prevent  them  from  broadly 
affecting  the  situation.  This  is  not  true  of  the  second 
two,  the  limitations  of  which  are  of  a  different  order. 

Cracking  is  a  process  attachable  to  straight  refining, 
by  means  of  which  low-priced  distillates  such  as  kero 
sene  and  fuel  oil  are  rerun  under  more  rigorous  condi- 
tions and  partly  converted  into  gasoline.  Obviously, 
cracked  gasoline  costs  more  to  produce  than  natural  gaso- 
line, because  of  a  greater  consumption  of  capital,  labor, 
material  and  fuel,  and  is  commercially  possible  only 
after  gasoline  requirements  have  approached  the  quan- 
tity producible  by  straight  refining,  and  as  long  as  there 
is  a  certain  difference  in  market  value  between  the  raw 
materials  used  and  the  product  turned  out.  The  first 
condition  has  recently  been  attained,  and  there  is  al- 
ready economic  room  for  cracking ;  the  second  condition, 
if  the  prices  of  kerosene  and  fuel  oil  rise,  can  be  main- 
tained only  by  a  proportionate  increase  in  the  price  of 
gasoline.  The  prospective  growth  in  the  use  of  the 
Diesel  engine,  especially  for  marine  service,  with  its 
high  fuel  economy  in  the  consumption  of  heavy  petroleum 
distillates,  may  be  expected  to  lessen  the  advantage  that 
at  the  present  moment  accrues  to  cracking.  Although  the 
price  of  fuel  oil  is  limited  by  the  price  of  coal,  the  ad- 
vantages of  oil  over  coal  for  marine  service  are  so  marked 
that  fuel  oil  can  probably  rise  to  $5  to  $10  per  bbl.  before 
reaching  its  limit.  Another  no  less  potent  factor  bearing 
unfavorably  upon  the  aid  that  the  automotive  industry 
may  expect  f'^om  cracking,  is  the  circumstance  that  the 
cost  of  cracking  becomes  greater  as  the  percentage  of 
gasoline  demanded  of  a  given  quantity  of  raw  material 
increases.  This  means,  so  to  speak,  that  a  little  cracking 
may  spread  rather  rapidly  to  all  the  crude  refined,  but 
much  cracking  will  involve  a  step-up  to  a  higher  level  of 
costs.  In  addition,  the  retarding  influence  that  private 
control  of  patents  will  exert  upon  a  widespread  use  of 
cracking  processes  should  not  be  left  out  of  account.  Op- 
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posed  to  these  unfavorable  economic  aspects  of  cracking, 
which  offer  relief  only  upon  a  basis  of  higher  prices,  is 
the  matter  of  advance  in  cracking  technology  toward  in- 
creased efficiency  and  lowered  costs.  Progress  of  this 
kind  is  undoubtedly  in  store,  but  advances  under  this 
head-  must  work  within  the  broad  economic  restrictions 
laid  down  above,  and  can  scarcely  be  counted  on  to  more 
than  temper  the  price  advances  competent  to  maintain 
the  requisite  increase  in  cracking  output.  On  the  whole, 
then,  there  are  reasons  to  believe  that  cracking,  while 
of  great  importance  at  present,  will  under  expanding 
use  develop  toxic  properties,  so  to  speak,  which  will  limit 
its  field  of  operations,  if  not  ultimately  remove  it  largely 
from  the  scene  of  action. 

The  fourth  means  for  enlarging  the  output  of  gasoline 
independently  of  the  production  of  crude  is  through  low- 
ering the  volatility  of  the  product.  The  leas  specialized 
the  engine  fuel  in  respect  to  volatility,  the  more  can  be 
produced  from  a  given  quantity  of  crude  by  the  processes 
of  refining  in  general  use  (see  Fig.  2).  By  a  change  in 
character,  the  supply  of  "gasoline"  can  be  enlarged, 
slowly  or  rapidly  at  will,  without  material  refinery 
changes,  until  it  is  two  to  three  times  the  present  figure, 
even  with  no  increase  in  the  supply  of  crude.  Since  the 
materials  requisitioned  in  such  a  change  are  the  basis  of 
kerosene  and  fuel  oil,  which  can  be  replaced  almost  en- 
tirely by  coal  and  its  products,  the  transition  may  be 
made  without  a  basic  disturbance  of  the  country's  eco- 
nomic fabric  and  without  setting  up  counter  forces  tend- 
ing to  turn  back  the  tide,  as  would  be  the  case  in  an 
over-dependence  upon  cracking.  The  practical  limit  to 
this  enlargement,  however,  is  set  by  what  the  stand- 
ardized automotive  engine  will  accept  in  the  way  of  fuel ; 
which  is  to  say  that  this  avenue  of  advance  is  wholly  in 
the  hands  of  the  automotive  industry.  The  progress  of 
gasoline  in  this  direction  has  already  gone  about  as  far 
as  practicable  under  existing  standards  of  mechanical 
equipment;  if  the  fuel  current  finds  an  unbreakable  dam 
at  this  point,  the  whole  pressure  of  advance  will  be 
thrown  back  into  the  channels  already  reviewed.  Inas- 
much, however,  as  the  past  few  years  have  seen  the 
volatility  of  gasoline  steadily  decreasing,  in  spite  of  laws 
and  the  desires  of  the  automotive  industry  and  the  pub- 
lic to  the  contrary,  while  engine  design  has  already  been 
forced  to  respond  to  this  circumstance  with  superficial 
adaptations,  it  is  apparent  that  the  channels  of  crude 
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production,  cracking,  etc.,  have  already  demonstrated 
their  incapacity  unaided  to  accommodate  the  rising  flood 
of  gasoline  demand.  If  these  mainstays  of  the  automo- 
tive industry  are  failing  to  meet  the  issue  now,  it  is 
hazardous  to  count  upon  complete  relief  in  this  quarter 
when  the  pressure  focussing  there  is  rapidly  increasing. 

Bearing  of  Mexico  Upon  the  Situation 

We  have  seen,  so  far  as  the  petroleum  situation  in  the 
United  States  is  concerned,  that  an  increasing  supply  of 
gasoline  of  present  grade  can  be  maintained  into  the 
future  only  through  a  growing  use  of  cracking  processes, 
involving  material  increases  in  the  cost  of  productioa 
But  there  are  large  oil  deposits  in  Mexico  which  are  be- 
lieved by  many  to  be  capable  of  sustaining  a  North 
American  supply  of  crude  sufficient  for  all  demands,  even 
in  the  face  of  a  slowing  domestic  output.  What  bearing 
does  this  factor  have  upon  the  engine  fuel  situation? 

The  oil-producing  capacity  of  Mexico  is  certainly  great, 
but  the  size  of  the  underground  reserve  that  will  have  to 
sustain  production  is  largely  an  unknown  quantity.  The 
geological  occurrence  of  Mexican  petroleum  is  widely 
different  from  that  of  oil  in  the  United  States,  and  is  of 
such  a  nature  that  the  unmined  supply  cannot  be  readily 
inventoried.  The  output  of  Mexico  to  date  has  come 
largely  from  two  wells  of  prodigious  capacity  which 
have  been  held  in  check,  but  one  of  these  wells  is  recently 
reported  to  have  gone  to  salt  water.  There  are,  in  addi- 
tion, political  dilfKulties  in  the  way  of  the  exploitation 
of  Mexican  petroleum,  while  the  output  will  have  to  go 
in  part  to  Great  Britain,  whose  subjects  hold  extensive 
interests  in  the  Mexican  fields,  and  to  other  foreign 
countries.  Mexican  deposits  are  also  involved  in  a  large 
and  growing  fuel-oil  demand  in  respect  to  the  merchant 
marines  and  navies  of  Great  Britain  and  the  United 
States,  which  alone  will  tend  to  exhaust  them  rapidly. 

Of  even  greater  significance  to  the  engine-fuel  situa- 
tion, however,  than  the  quantity  of  crude  that  Mexico 
may  be  expected  to  contribute  to  the  domestic  supply,  is 
the  natural  gasoline  factor  of  this  contribution.  Unfor- 
tunately the  natural  gasoline  content  of  Mexican  petro- 
leum is  low,  so  that  the  more  the  domestic  supply  of 
crude  is  supplemented  by  imports  from  Mexico,  the  more 
the  natural-gasoline  factor  of  the  entire  crude  supply  is 
reduced,  the  more  must  cracking  methods  be  called  upon 
to  sustain  the  production  of  gasoline*    Thus,  not  only  is 
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the  future  of  Mexican  production  a  -subject  upon  which 
adequate  information  is  wanting,  but,  with  the  most 
optimistic  assumption  in  that  respect,  the  character  of 
the  supply  is  such  as  to  be  capable  of  sustaining  an  out- 
put of  gasoline  only  upon  a  higher  level  of  production 
costs*  than  now  prevails.  Thus  Mexico,  instead  of  offer- 
ing a  solution  to  the  engine-fuel  problem,  promises  only 
to  accentuate  the  issue;  especially  as  the  sudden  leap  in 
production  that  is  impending  from  this  source  will  lend 
a  strong  color  of  assurance  to  the  situation. 

The  statements  thus  far  made  in  respect  to  Mexico 
may,  without  substantial  qualification,  be  extended  to  in- 
clude the  oil  fields  of  Central  America  as  well,  which  will 
probably  turn  out  to  be  heavy  producers.  As  to  South 
America,  rather  extensive  explorations  in  most  of  the 
countries  have  failed  to  locate  oil  deposits  of  sufficient 
magnitude  to  bear  materially  upon  the  situation  in  the 
United  States. 

Significance  of  Substitute  Engine  Fuels 

The  petroleum  industry  is  so  firmly  established  and 
produces  such  a  range  of  products  other  than  gasoline, 
that  no  engine  fuel  of  non-petroleum  origin  need  be 
counted  on  as  capable  of  displacing  gasoline.^"*  Substitute 
fuels  are  to  be  regarded  as  supplementary  resources, 
capable  of  affecting  the  situation  broadly  only  as  pe- 
troleum relinquishes  the  field  through  exhaustion. 

There  are  three  substitute  engine  fuels  in  sight — ^ben- 
zol, alcohol,  and  shale-oil  distillate.  Benzol  is  now  ready 
to  compete  with  gasoline  in  a  small  way;  alcohol  and 
shale-oil  distillate  will  be  ready  to  compete  only  on  a 
higher  level  of  prices.  As  to  resource  capacity,  benzol 
is  a  by-product  of  coal,  and  the  quantity  produced  is  de- 
pendent upon  the  coal  subjected  to  by-product  recovery; 
benzol  will  be  manufactured  in  constantly  increasing 
quantity,  but  the  total  supply  can  never  fill  more  than  a 
small  part  of  the  engine-fuel  requirement.  Alcohol  and 
shale-oil  distillate,  on  the  contrary,  are  main  products 
made  from  raw  materials  of  almost  unlimited  availa- 


*Thl8  may  not  be  strictly  true  of  srasollne  produced  In  Mexico 
itself  as  a  by-product  of  fuel  oil  for  a  period  rollowingr  the  estab- 
lishment of  larsre  "topping  plants"  and  in  event  of  sustained  pro- 
duction in  that  country  of  crudes  containing  appreciable  quantities 
of  gasoline;  but  imported  gasoline  can  scarcely  be  counted  on   in 

auantities  large  enough,   or  sufficiently  soon,   to   materially  afTect 
^e  situation  in  the  United  States. 

>*Qasoline  can  be  sold  cheaper  than  any  competitor,  because  of  the 
possibility  of  shifting  part  of  its  cost  of  production  to  the  Joint 
products. 
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bility;  they  may  be  produced  to  fill  any  need,  however 
great,  willing  to  pay  the  price.  Whether  shale-oil  dis- 
tillate or  alcohol  will  eventually  become  the  more  impor- 
tant engine  fuel  cannot  wholly  be  foreseen;  but  since 
shale  oil  is  similar  to  crude  petroleum  and  can  be  made 
to  yield  an  analogous  range  of  products,  a  shale-oil  in- 
dustry is  certain  to  supplement  and  eventually  to  suc- 
ceed the  petroleum  industry,  and  hence  shale-oil  distil- 
late is  bound  to  become  eventually  a  prominent  motor 
fuel."  Alcohol,  on  the  other  hand,  is  not  so  tied  up  with 
joint  products,  and  its  career  as  an  engine  fuel  will  be  de- 
termined almost  entirely  by  relative  economy  and  its  ac- 
ceptability to  engines  evolving  on  the  basis  of  oil  fuel. 
If  the  engine  type  broadens  so  as  to  fit  the  petroleum  re- 
source, it  will  at  the  same  time  be  prepared  to  receive 
the  aid  that  benzol,  shale-oil  and  alcohol  may  be  called 
upon  to  render. 

On  the  whole,  then,  there  is  nothing  in  the  substitute 
engine-fuel  situation  that  would  dictate  to  the  automo- 
tive industry  a  policy  differing  from  that  determinable 
upon  the  basis  of  the  petroleum  issue.  The  substitute 
fuels  remove  any  physical  limit  as  to  the  quantity  of  en- 
gine fuel  that  may  be  produced;  they  offer  greater  as- 
sistance to  the  situation  if  present  standards  are  less 
rigorously  adhered  to  and  automotive  apparatus  becomes 
adapted  to  a  less  volatile  fuel  than  gasoline ;  they  set  the 
bounds  to  which  the  price  of  engine  fuel  of  petroleum 
origin  can  advance — a  very  rough  approximation  of  this 
figure  being  relatively  50  to  60c.  per  gal: — suggesting, 
therefore,  to  the  automotive  industry  an  increase  in 
thermal  efficiency  competent  to  offset  the  advance  in 
price  which  the  substitute  fuels  will  permit  and  the  pe- 
troleum situation  will  occasion. 

Coordination  of  the  Industry  and  Fuel  Supply 

The  foregoing  analysis  of  the  resources  and  technology 
underlying  the  prospective  supply  of  engine  fuel  indi- 
cates that  the  continued  growth  of  the  automotive  de- 
mand will  soon  force  either  an  extraordinary  dependence 
upon  cracking,  with  concomitant  increases  in  produc- 
tion costs,  or  else  a  change  in  the  character  of  the  fuel  so 
as  to. include  more  and  more  of  the  material  now  going 
on  \he  market  in  the  form  of  kerosene  and  fuel  oil.    The 


"It  should  b«  remembered,  however,  that  many  years  must  elapse 
before  a  shale-oil  industry  can  become  established  and  grow  to 
significant  proportions. 
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first  adjustment  is  limited  by  the  physical  capacity  of 
crackin^r,  which  is  largely  an  unknown  quantity,  and  the 
extent  to  which  fuel  costs  can  rise  without  involving  cur- 
tailment in  the  growth  of  the  automotive  industry.  The 
second  solution  is  dependent  upon  the  extent  to  which 
automotive  apparatus  may  be  adapted  to  consume  a  fuel 
less  volatile  than  gasoline.  Running  through  each  solu- 
tion, and  serving  to  contribute  to  each,  is  the  extent  to 
which  the  thermal  efficiency,  or  fuel  economy,  of  the  au- 
tomotive apparatus  may  be  increased.  The  more  rigor- 
ously the  present  standards  of  low  economy  and  special- 
ized requirements  are  adhered  to  by  the  automotive  in- 
dustry, the  greater  the  weight  that  will  fall  upon  crack- 
ing, the  greater  and  more  sudden  the  inevitable  rise  in 
fuel  price  and  the  graver  the  danger  of  an  industrial 
reverse. 

The  fuel  resources  in  sight  indicate  that  a  normal  bal- 
ance between  supply  and  demand  will  eventually  be 
reached,  irrespective  of  the  policy  of  the  automotive  in- 
dustry, but  the  adjustment  will  result  in  a  basis  of  price 
and  character  different  from  that  now  prevailing.  The 
danger  in  the  situation  is  not  that  of  a  permanent  break- 
down in  fuel  supply  through  exhaustion,  but  of  a  period 
of  enforced  readjustment  to  new  conditions  of  fuel  sup- 
ply, which  may  come  so  suddenly  as  to  catch  the  automo- 
tive industry  unprepared  and  in  consequence  impose  a 
serious  handicap  upon  its  prosperity,  if  it  does  not  pre- 
cipitate industrial  disaster. 

The  situation  is  serious,  indeed  critical,  not  only  be- 
cause the  period  of  readjustment  is  apparently  almost 
upon  us  (see  Fig.  1),  but  because  there  are  many  aspects 
of  the  situation  that  tend  to  hide  the  real  issues  and  to 
lend  a  false  sense  of  security  to  those  filled  with  an 
excess  of  optimism.  American  economic  experience  af- 
fords no  parallel  to  the  present  engine-fuel  situation ;  as 
demand  in  the  past  has  almost  invariably  conditioned 
supply  in  American  economic  practice,  it  is  an  easy  as- 
sumption that  this  will  continue  to  hold  in  unabated 
vigor.  New  discoveries  of  oil  pools  are  constantly  com- 
ing into  prominence.  While  the  outlook  for  oil  produc- 
tion never  before  appeared  brighter,  one  easily  overlooks 
the  fact  that  each  new  pool,  in  proportion  to  its  magni- 
tude, adds  to  the  instability  of  the  engine-fuel  structure. 
At  this  very  moment  of  writing,  gasoline  is  piling  up  in 
storage  and  it  is  quite  possible  that  before  the  winter 
is  over  the  price  will  decline  slightly.    This  may  readily 
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be  accepted  as  controverting  the  whole  argument  of  the 
paper,  if  the  circumstance  is  not  recognized  as  an  in- 
evitable reaction  to  a  coincidence  of  season  and  post-war 
industrial  readjustment.  Upon  all  this  come  widely 
heralded  announcements  of  new  fuels,  with  extravagant 
claims^  and  secret  formulas,  boldly  promising  at  one 
stroke  an  easy  solution  of  one  of  the  most  complicated 
industrial  problems  this  country  faces  today.  There  are 
indeed  specious  arguments  for  sustaining  conclusions 
quite  the  reverse  of  those  arrived  at  here.  While  one 
series  of  circumstances  is  operating  cumulatively  to  ren- 
der the  engine-fuel  situation  more  and  more  unstable, 
another  set  is  serving  to  hide  the  real  issue  to  the  last. 
There  is  scant  hope,  at  this  late  date,  that  the  automo- 
tive demand  will  be  brought  into  stable  adjustment  with 
the  engine-fuel  supply  with  results  wholly  conducive  to 
the  prosperity  of  the  automotive  field,  but  such  difficulties 
as  lie  in  store  may  be  tempered  if  the  industry  as  a  whole 
recognizes  its  responsibility  in  this  matter  and  acts  ac- 
cordingly. The  exigencies  of  the  fuel  situation  now  urge, 
but  shortly  will  demand,  that  the  automotive  industry 
work  toward  greater  fuel  economy  and  at  the  same  time 
adapt  its  mechanical  equipment  to  handle  a  less  special- 
ized fuel  than  gasoline.  The  first  can  be  accomplished  in 
some  degree  through  car  design,  but  in  the  main  must 
depend  upon  engine  changes  in  favor  of  greater  thermal 
efficiency.  The  second  can  be  accomplished  either  through 
the  development  of  equipment  not  dependent  upon  fuel 
of  high  volatility,  so  as  to  permit  the  supply  of  "gaso- 
line" to  expand  easily,  or  else  by  inducing  the  engine- 
fuel  supply  to  bifurcate  into  gasoline  of  the  grade  at  pres- 
ent reserved  for  passenger  cars,  and  heavier  distillates  to 
be  drawn  upon  by  trucks,  tractors,  etc.,  fitted  with  semi- 
Diesel  or  other  type  of  engine  suited  to  such  fuel.  Apart 
from  the  disadvantage  of  greater  costs  involved  in  the 
production  and  distribution  of  two  specialized  fuels  in 
the  place  of  a  single  product,  and  the  practical  difficulty 
of  unloading  the  problem  on  the  heavy-traction  section  of 
the  automotive  industry,  the  second  expedient  would  in 
reality  mean  merely  the  turning  over  of  the  raw  ma- 
terials of  cracking  to  a  counter-demand  and  would  leave 
the  gasoline  problem  still  in  acute  need  of  attention.  So 
the  economics  of  the  situation,  the  dictates  of  resource 
limitations  and  human  needs,  point  to  an  automotive  en  • 
gine  evolved  into  a  type  fitted  to  gain  not  only  higher 
efficiency  from  the  fuel  consumed  but  greater  economy  in 
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respect  to  the  activities  involved  in  the  production  and 
distribution  of  the  fuel  The  answer  then  is;  Greater 
thermal  efficiency  in  the  engine  and  means  for  gasifying 
liquid  fuel  without  requiring  that  it  first  be  converted 
by  a  costly  manufacturing  process  into  a  highly  volatile 
product  difiicult  to  store  and  to  transport. 

Summary 

(1)  The  automotive  industry  is  working  without  due 
regard  to  the  engine-fuel  situation. 

(2)  This  situation  is  an  integral  part  of  the  automo- 
tive situation  and  should  not  be  left  out  of  account. 

(3)  Owing  to  the  pressure  of  automotive  demand,  the 
supply  of  engine  fuel  is  in  course  of  change,  both  in 
respect  to  character  and  price,  with  danger  of  precipi- 
tant alterations ;  there  arises  in  consequence  a  fuel  prob- 
lem which  cannot  be  adequately  solved  without  the  active 
participation  of  the  automotive  industry. 

(4)  An  analysis  of  the  problem  is  as  follows : 

(a)  The  doihestic  production  of  crude  petroleum  is 
nearing  its  maximum 

(b)  The  natural  gasoline  content  of  this  supply  is 
lessening 

(c)  Mexico  oflfers  no  relief  competent  to  solve  the 
issue 

(d)  Substitute  fuels  need  not  enter  into  present 
consideration 

(e)  The  supply  of  engine  fuel  can  be  maintained 
only  through  an  extraordinary  dependence  upon 
cracking  or  through  changes  in  engine  type 

(f )  Cracking  cannot  meet  the  issue  at  a  favorable 
price 

(g)  The  burden,  therefore,  falls  upon  the  automotive 
engine,  which  must  consequently  so  adapt  itself 
as  to  gain  higher  thermal  efficiency,  and  to  use 
less  specialized  (less  volatile)  fuel 

(5)  The  automotive  industry  should  therefore  take 
steps  at  once,  as  an  emergency  measure,  to  shape  its  de- 
velopment in  the  direction  of  increased  fuel  economy  and 
less  specialized  requirements  as  to  fuel,  establishing  for 
this  purpose  centralized  machinery  for  studying  the  prob- 
lem in  full  detail;  for  keeping  the  industry  informed  of 
every  development  in  the  situation ;  for  coordinating  re- 
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search  and  design  in  the  competing  units  of  the  industry, 
and  for  (Conducting  basic  lines  of  research  not  now  ade- 
quately encompassed  by  individual  agencies. 
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THE  DISCUSSION 
B.  B.  Bachman:  In  this  paper  the  author  has  given 
a  general  analysis  of  the  trend  of  the  automotive  industry 
in  the  increasing  production  of  apparatus  calling  for 
volatile  fuels  and  the  probable  limitations  on  the  part 
of  available  resources  to  meet  this  demand.  The  com- 
plexity of  this  problem  and  the  contradictory  evidence 
which  has  been  presented  from  time  to  time  make  it 
difficult  for  one  not  in  intimate  contact  with  the  subject 
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to  evaluate  the  arguments  advanced  and  the  conclusions 
arrived  at. 

However  much  the  author's  opinion  may  be  contra- 
dicted by  other  authorities,  he  should  receive  due  credit 
for  having  the  courage  of  his  convictions  in  calling  atten- 
tion to  what  he  conceives  to  be  a  danger  to  the  future 
of  the  automotive  industry.  On  the  other  hand,  it  is 
unfortunate  that  general  discussions  and  pessimistic  per- 
sonal opinions  on  this  subject  are  frequently  abstracted 
by  the  press  as  affording  news  of  a  sensational  nature 
which  is  very  often  misinterpreted  by  the  untechnical 
reader.  As  much  may  be  said  for  the  publicity  given  in 
the  same  mediums  of  the  many  supposedly  infallible 
remedies  which  have  been  proposed.  In  both  cases  the 
result  is  only  to  becloud  the  main  issue. 

The  internal-combustion  engine  in  the  form  used  in 
automotive  apparatus  is  unquestionably  open  to  criticism 
from  the  standpoint  of  the  thermal  eflSciency  obtained. 
Lack  of  economy  in  installation  in  passenger  vehicles  and 
to  a  lesser  extent,  perhaps,  in  heavier  vehicles,  can  also 
be  charged  with  some  propriety  to  the  demand  for 
flexible  performance  which  has  been  created  in  introduc- 
ing the  product  to  the  public  and  in  fostering  the  com- 
petition between  various  manufacturers.  Nevertheless, 
however  much  we,  as  engineers,  may  recognize  the  defects 
of  our  product  and  the  lines  along  which  progress  must 
be  made,  it  is  not  wise  to  blind  ourselves  to  the  advances 
we  have  made  and  the  standards  of  performance  which 
have  been  created.  From  the  standpoint  of  light  weight, 
durability,  flexibility,  power  output  per  pound  of  ma- 
terial, cost  and  adaptability  to  its  purpose,  the  modem 
gasoline  engine  is  a  marvel  of  mechanical  achievement. 

Quoting  from  the  paper,  the  author  tells  us  "American 
economic  experience  affords  no  parallel  to  the  present 
engine  fuel  situation."  We  may  as  aptly  say  that  history 
affords  no  parallel  for  the  condition  with  which  the  au- 
thor confronts  us  of  creating  a  new  device  to  function  in 
competition  with  a  machine  that  is  so  satisfactory,  for  the 
present,  at  least.  If  the  fuel  were  known,  together  with 
its  characteristics  and  peculiarities  which  would  insure  a 
stable  condition  of  future  supply,  it  would  be  more  nearly 
possible  to  predict  what  the  solution  of  this  problem  will 
be.  Should  it  be  necessary  to  curtail  any  of  the 
excellent  features  of  the  present  engine  as  outlined  briefly 
above,  it  would  appear  that  only  cooperative  action  be- 
tween the,  at  present,  competitive  units  of  the  industry 
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would  afford  a  possible  means  of  successful  introduc- 
tion. Of  course,  if  any  individual  by  a  stroke  of  genius 
should  develop  an  engine  which  in  addition  to  the  present 
features  possessed  the  advantage  of  offering  a  successful 
solution  to  this  problem,  he  would,  to  use  a  colloquialism, 
be  "sitting  on  the  world." 

It  seems  unthinkable  that  progress  once  inaugurated 
and  carried  to  such  a  high  state  of  development  should 
be  halted.  The  author  says :  "The  danger  in  the  situa- 
tion is  not  that  of  a  permanent  breakdown  in  fuel  supply 
through  exhaustion,  but  of  a  period  of  enforced  readjust- 
ment to  new  conditions  of  fuel  supply,  which  may  come 
so  suddenly  as  to  catch  the  automotive  industry  unpre- 
pared and  in  consequence  impose  a  serious  handicap  upon 
its  prosperity,  if  it  does  not  precipitate  industrial  dis- 
aster." It  seems  to  me  that  the  consequences  of  such  fi 
catastrophe  would  be  infinitely  more  far-reaching.  The 
portable  self-contained  prime  mover  developed  in  the 
modem  internal-combustion  engine  has  wound  itself  so 
intimately  into  all  our  activities  that  it  requires  no  great 
stretch  of  the  imagination  to  conceive  that  its  withdrawal 
would  menace  the  structure  of  economic  and  political 
organization  upon  which  rests  the  security  of  our  civil- 
ization. 

Merely  to  say  a  thing  is  unthinkable  or  impossible  does 
not  dispose  of  the  question,  and  this  leads  me  to  call  to 
your  attention  the  fifth  point  of  the  author's  summary. 
While  there  may  be  a  division  of  opinion  on  the  degree  to 
which  the  deductions  reached  in  the  paper  are  true,  there 
does  not  seem  to  me  to  be  any  doubt  as  to  (be  wisdom  of 
following  this  bit  of  constructive  advice.  It  only  remains 
then  to  consider  the  machinery  by  which  this  research 
shall  be  carried  out.  The  nature  of  the  problem  would 
seem  to  indicate  that  the  Society  would  be  the  organiza- 
tion best  suited  to  bear  the  burden  of  a  large  part  of  this 
work,  and  the  Standards  Committee  the  organization 
through  which  it  could  be  successfully  accomplished. 

It  is  well  to  remark,  however,  that  this  problem  pre- 
sents some  novel  features  not  at  present  encountered  in 
the  Standards  Committee  activities.  First  in  practically 
all  of  the  present  work  the  problems  are  in  the  line  of 
coordinating  and  establishing  practices  and  methods  of 
construction  which  will  simplify  manufacture  and  bring 
about  economies  by  the  elimination  of  an  excessive  and 
unnecessary  variation  in  form  and  dimension  of  materials 
and  parts  of  apparatus.    This  work  can  well  be  accom- 
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plished  1>y  the  cooperation  of  men  who  are  primarily 
engaged  in  other  activities  and  who  devote  only  a. rela- 
tively small  proportion  of  their  time  to  their  committee 
work. 

It  is  obvious  that  such  a  procedure  would  not  suffice 
for  the  problem  under  consideration.  The  committee  to 
handle  this  proposition,  by  reason  of  the  necessity  of 
investigating  a  large  amount  of  data  and  interpreting 
it,  should  include  men  competent  by  training  and  expert- 
ence  in  the  technique  of  the  production  and  use  of  oil 
fuels,  so  that  the  results  of  their  work  would  bear  the 
stamp  of  authority.  To  do  this  properly  and  promptly 
will  require  more  than  the  ordinary  amount  of  committee 
work,  and  it  accordingly  becomes  a  problem  as  to  how 
to  secure  the  services  of  men  of  the  caliber  required.  In 
addition  to  this,  to  complete  the  work  it  will  be  necessary 
to  investigate  substitute  fuels,  methods  of  fuel  produc- 
tion, apparatus  for  using  these  fuels,  and  new  methods  of 
engine  construction  which,  if  followed  by  a  verdict  as  to 
their  value,  will  constitute  a  radical  departure  from  our 
present  practices  and  policies. 

Hugo  C.  Gibson: — Dr.  Pogue  carves  the  meat  of  the 
subject  very  neatly  in  the  section  of  his  paper  entitled 
"Adaptability  of  Engine  Type."  It  is  only  regrettable 
that  he  does  not  go  further  and  tell  us  just  how  to  ac- 
complish the  necessary  end. 

The  controlling  factors  of  carburetion  are  getting  the 
heat  in  and  getting  it  out  for  power  and  economy.  Just 
so  long  as  we  could  get  gas  in,  because  of  a  highly 
volatile  liquid,  the  gas  of  which  did  not  readily  con- 
dense when  cooled,  there  was  no  difficulty  in  following 
the  law  that  the  more  gas  and  air  we  put  in  the  more 
power  we  got  out.  The  number  of  British  thermal  units 
generated  was  higher,  the  temperature  in  the  cylinder 
was  higher  and  the  equation 

_  H-Hl 
E g^ 

was  high.  Today  the  endeavor  is  to  put  the  mixture 
in  as  cool  as  possible  because  a  cool  mixture  means  a 
small  engine  for  the  power  developed  and  a  small  engine 
means  high  load  weight  to  vehicle  weight  ratio,  inci- 
dentally meaning  a  high  profit  to  turnover  ratio  to  the 
manufacturer. 

But  the  factor  of  greatest  importance  today  is  that  our 
gasoline  is  not  what  it  was  and  will  not  stay  put  as  a 
gas  at  the  temperatures  at  which  we  would  like  to  intro- 
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duce  it  into  the  cylinder.  It  must  be  hotter  or  it  will 
not  vaporize  or  virill  condense.  Fuel  in  the  cylinder  which 
is  not  in  the  form  of  vapor  will  break  down  and  deposit 
heavy  oils  and  carbon.  The  fuel  value  is  lost  to  the  extent 
of  the  heat  units  contained  in  the  deposited  material;  so 
we  lose  the  extra  power  we  expected  to  get  from  the  use 
of  a  cool  mixture. 

Since  we  cannot  put  the  desired  number  of  usable  heat 
units  when  hot  into  the  cylinder  of  small  capacity  we 
must,  to  obtain  the  desired  amount  of  power,  use -cylin- 
ders of  larger  capacity  or  higher  engine  speeds. 

Higher  engine  speeds  mean  reduced  volumetric  effi- 
ciency which  must  be  made  up  by  having  the  ingress  and 
egress  of  gases  easier.  Ingress  is  assisted  materially  by 
increase  of  port  area  in  sleeve-valve  engines  and  multipli- 
cation of  valves  in  poppet  engines.  Egress  thus  far  ap- 
pears to  be  treated  in  the  same  manner,  ignoring  interac- 
tion overlapping  of  exhaust-valve  timing,  a  detail  of  the 
utmost  importance,  recognized  and  cared  for  by  makers  of 
six-cylinder  engines  but  neglected  in  the  case  of  four-cyl- 
inder units.  It  is  a  fact  that  four-cylinder  and  all  engines 
are  immensely  improved  by  complete  exhaustion,  though 
arguments  are  advanced  that  the  heat  of  trapped  exhaust 
gases  aids  vaporization.  It  might,  if  the  time  element 
were  greater;  if  the  unvaporized  fuel  in  the  cylinder  were 
exposed  to  heat  for  a  longer  time. 

I  would  urge  the  thought  that  time  is  the  essence  of 
the  conversion  of  modem,  and  more  so  of  future,  engine 
fuel  into  gas,  and  conclude  by  enunciating  the  cardinal 
factors  controlling  the  effective  use  of  the  petroleum  auto- 
motive fuels. 

The  fuel  in  mixture  must  be  treated  gradually  by 
stages. 

After  vaporization  the  low  limit  temperature  of  the 
mixture  should  be  maintained. 

The  passages  to  and  from  the  engine  must  be  large 
enough  throughout  to  provide  high  volumetric  efficiency. 

The  cylinder  must  be  larger  or  the  speed  higher  than 
formerly. 

The  exhausting  function  must  be  highly  effective. 
Better  mufflers  must  be  used. 

Cylinders,  after  complete  exhaustion,  must  not  be 
refuges  for  vagrant  polluting  gases  from  other  cylinders. 

Thus  we  will  satisfactorily  utilize  the  fuels  that  we 
can  have. 

Dr.  Pogue: — No  intent  is  had  to  disparage  the  in- 
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temal-combustion  engine.  The  attainments  on  this  score 
are,  indeed,  one  of  the  notable  achievements  of  the 
present  century.  The  point  may  be  fairly  made,  how- 
ever, that  the  internal-combustion  engine  has  not  de- 
veloped rapidly  in  respect  to  thermal  efficiency  for  the 
simple  reason  that  an  abundant  fuel  supply  is  not  con- 
ducive to  such  a  development.  If  fuel  stress  develops,  or 
may  be  anticipated,  then  the  engine  will  duly  respond  to 
the  new  conditions.  Up  to  the  present,  the  engine  has 
conditioned  the  fuel;  it  is  an  open  question  whether  the 
fuel  may  not  soon  have  an-  influence  upon  the  engine.  It 
is  here  that  study  and  planning  ahead  are  needed  to 
coordinate  engines  and  fuel,  which  are  already  beginning 
to  work  somewhat  at  cross  purposes. 

M.  Beck: — ^What  does  the  shale-oil  industry  look  like? 

Dr.  Pogue:-:-!  should  have  mentioned  the  shale-oil 
industry,  because,  without  question,  it  will  be  the  suc- 
cessor to  the  petroleum  industry.  So  far  as  the  auto- 
motive industry  is  concerned,  it  can  forget  the  shale-oil 
industry,  as  the  coming  in  of  shale  oil,  when  the  time 
arrives,  does  not  materially  affect  the  issue,  since  it  is 
chemically  and  physically  analogous  to  petroleum.  The 
automotive  industry  will  not  know  when  the  shale-oil  in- 
dustry comes  in.  It  will  wedge  in  with  petroleum,  as 
petroleum  falls  off;  so  it  seems  to  me  that  shale  oil  in 
the  offing  does  not  affect  the  problem  as  it  pre- 
sents itself  to  you  at  the  present  moment.  The 
matter  of  alcohol,  which  is  a  second  substitute  fuel,  is 
very  difficult  to  foresee,  because  alcohol  is  a  single  prod- 
uct, whereas  engine  fuel  from  petroleum  or  shale  oil 
is  tied  up  with  other  necessary  products,  such  as  lubri- 
cants. This  relationship  would  seem  to  indicate  that 
shale  oil  distillate  must  come  on  the  market,  whereas 
alcohol  may.  However,  so  long  as  petroleum  and  its  suc- 
cessor can  meet  the  demands  it  will  be  difficult  for  any 
product,  single-handed,  to  come  in  and  compete,  for 
the  simple  reason  that  when  you  produce  a  series  of 
joint  products  you  can  sell  one  of  them  as  cheaply  as 
you  please  by  shifting  the  price  of  the  others.  This 
circumstance  has  a  very  practical  bearing  when  a  product 
like  alcohol  tries  to  displace  gasoline. 

Charles  B.  Page: — ^Will  Dr.  Pogue  discuss  the  char- 
acteristics of  the  heavier  oil  which  the  tractor  may 
be  obliged  to  use  some  time  in  the  future,  or  should  be 
prepared  to  handle  successfully? 

Dr.  Pogue: — ^Half  of  the  petroleum  at  the  present 
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time  is  turned  into  fuel  oil,  which  is  a  product  heavier 
than  kerosene.  The  development  along  that  line  will 
mean  the  development  of  an  engine  radically  different 
from  the  present  type  of  engine,  such  as  the  Diesel  or 
semi-Diesel.  Whether  such  an  engine  is  applicable  to 
tractors  I  am  not  prepared  to  say»  although  quite  prob- 
ably it  is.  There  are  possibilities  of  great  promise,  too, 
in  connection  with  the  gas  turbine,  which,  if  I  under- 
stand the  matter  correctly,  can  use  practically  any  type 
of  liquid  fuel.  The  situation  depends  entirely  upon  how 
far  the  internal-combustion  epgine  has  been  developed 
toward  ultimate  perfection.  I  rather  like  to  take  the 
view  that  even  these  mechanical  matters  are  in  course 
of  evolution,  and  if  you  recall  the  length  of  time  that 
elapsed  between  the  first  crude  steam  engine  and  the 
present  efficient  steam  turbine,  you  will  see  that  the 
internal-combustion  engine,  at  least  as  regards  its  inten- 
sive period  of  development,  is  still  very  immature.  More- 
over, up  to  the  present  there  has  been  absolutely  no 
incentive,  no  economic  reason,  for  the  internal-combus- 
tion engine  to  develop  in  the  direction  of  increased  fuel 
economy  or  in  the  direction  of  using  a  less  volatile  fuel 
than  gasoline,  because  there  was  plenty  of  cheap  gaso< 
line.  We  are  just  at  the  present  time  beginning  to  meet 
a  different  situation,  where  the  pressure  shaping  the 
evolution  of  the  internal-combustion  engine  is  of  a  dif- 
ferent kind.  The  internal-combustion  engine  seems  to 
me  to  be  a  very  notable  achievement;  indeed,  one  of 
the  outstanding  accomplishments  of  the  twentieth  cen- 
tury, but  its  attainments  have  been  in  the  direction  of 
flexibility,  power,  ease  of  operation,  and  so  on,  and 
have  not  taken  the  direction  of  fuel  economy  and  effi- 
ciency, for  the  very  simple  reason  that  there  has  here- 
tofore been  no  cause  for  development  in  that  direction. 
Now,  if  a  cause  has  arrived,  as  I  believe  it  has,  the 
engine  will  follow  that  course  of  development.  I  believe 
that  the  time  has  arrived  in  American  economic  practice 
when  we  can  use  our  knowledge  for  seeing  these  things 
in  advance,  and,  by  planning  ahead,  make  a  gain  over 
what  we  would  have  if  we  left  things  to  their  normal 
untrammeled  course  of  development.  It  seems  to  me  that 
is  what  science  is  for. 

Mr.  Folger: — Is  it  not  possible  that  shale  oil  can  be 
separated  by  distillation  processes  or  by  cracking  into 
fuels  suitable  for  the  automotive  industry? 

Dr.  Pogue: — It  is  very  probable  that  shale  oil  will 
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yield  roughly  the  same  range  of  products  that  petroleum 
does. 

Mr.  Folger: — Is  it  not  true  that  the  shale  field  offers 
an  almost  equal  supply  to  our  present  fields  when  fully 
developed? 

Dr.  Pogue: — The  quantity  of  oil  which  the  oil-shale 
deposits  in  this  country  are  capable  of  producing  is 
astounding.  I  started  to  say  that  the  petroleum  resource 
looks  insignificant  compared  to  the  oil-shale  resource. 
There  are  centuries  of  oil  in  sTiale,  but  you  must  remem- 
ber that  the  production  of  oil  from  a  lean  resource  like 
oil  shale,  which  has  to  be  mined  and  then  distilled  before 
you  get  it  to  the  state  of  crude  petroleum,  means 
that  the  products,  in  all  probability,  can  come  on  the 
market  only  at  a  much  greater  production  cost  than 
*  that  of  petroleum.  Otherwise,  they  would  be  on  the  mar- 
ket today,  and  they  are  not.  Petroleum  is  a  creamlike  re- 
source, and  so  long  as  we  can  go  out  and  drill  a  hole  in 
the  ground  and  have  oil  come  out  so  rapidly  that  we 
can  scarcely  take  care  of  it,  shale  oil  means  nothing. 
When  that  period  is  over  shale  oil  will  come  in,  but  we 
have  a  more  expensive  proposition  to  meet  there,  and 
can  meet  it  very  easily  by  merely  increasing  ther- 
mal efficiency.  I  was  surprised,  when  I  first  went 
into  this  matter.  I  had  a  suspicion  that  the  internal- 
combustion  engine  .was  not  as  efficient  as  it  might  be 
in  respect  to  fuel  economy,  but  on  every  hand  competent 
automotive  engineers  tell  me  that  it  would  be  possible  to 
double  or  treble,  or  even  quadruple,  the  mileage  obtained 
from  engine  fuel,  not  exactly  in  the  present  engine,  but 
by  devoting  attention  over  a  period  of  years  to  that  re- 
sult. If  that  be  the  case,  as  these  greater  production 
costs  come  in  they  can  be  tempered  and  nullified  by 
increasing  the  efficiency  of  the  internal-combustion  en- 
gine. There  is  a  give-and-take  relationship  between  the 
engine  on  the  one  hand  and  fuel  on  the  other,  and  we 
wiU  not  get  the  maximum  economy  until  those  two  things 
are  brought  into  coordination.  If  there  were  one  big 
industry  in  this  country  producing  all  the  oil  and  making 
all  the  engines,  there  would  be  no  fuel  problem  at  all, 
but  such  is  not  the  case.  We  have  the  oil  industry, 
which  is  composed  of  a  number  of  units,  and  we  have 
the  automotive  industries  also  composed  of  a  number 
of  units.  They  are  competing.  They  can  cooperate  only 
with  difficulty,  yet  for  a  favorable  outcome  they  must 
be  coordinated.    We  have  come  to  the  time  when  this 
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question  of  coordination  must  be  settled^  and  it  /seems 
to  me  that  a  function  as  large  and  as  embracive  as 
that  cannot  be  carried  on  by  any  other  agency  than 
the  Grovemment.  I  conceive  it  to  be  the  duty  of  the 
Government  to  stand  ready  to  effect  the  coordination 
of  technology,  without  which  proper  progress  cannot 
take  place;  and»  moreover,  without  which  this  country 
cannot  keep  pace  with  the  European  countries  which  are 
doing  or  are  planning  to  do  this  very  thing. 

Mr.  Folger: — If  the  engine  builder  designs  a  more 
efficient  engine,  and  the  oil  fields  produce  double,  treble 
or  quadruple  the  amount  of  shale  oil  from  the  shale  fields, 
the  result  will  be  an  item  in  the  automotive  industry. 
It  is  merely  a  matter  of  price  that  is  keeping  them  out. 

Dr.  Pogue: — In  10  yr.,  if  not  sooner,  I  expect  to  see 
a  large  production  of  shale  oil.  The  fact  that  it  will, 
cut  a  figure  in  the  future  does  not  necessarily  affect 
the  situation  today,  because  so  far*  as  the  present  is 
concerned  we  may  regard  shale  oil  as  part  of  the  petro- 
leum resource.  All  that  shale  oil  does  is  to  assure  us 
that  there  will  be  plenty  of  oil,  but  it  does  not  assure 
us  that  there  will  be  cheap  oil.  There  is  no  danger  of 
exhaustion.  Shale  oil  will  last  for  many  centuries.  We 
need  not  be  pessimistic  on  the  question  of  exhaustion.  It 
is  simply  a  matter  of  securing  more  or  less  economy, 
which  means  eveiything.  If  a  man  cannot  afford  an 
automobile  at  a  certain  j>rice  of  engine  fuel  it  means 
everything  to  him  whether  that  fuel  is  above  his  level 
or  below  it. 

Mr.  Folger: — It  is  well  known  that  the  cost  of  fuel 
as  a  part  of  the  total  operation  of  a  car  is  very  small. 
It  is  one  of  the  smallest  items  in  the  cost  of  passenger 
cars. 

Dr.  Pogue: — In  the  event  of  the  cost  of  fuel  doubling 
it  becomes  twice  as  important. 

Mr.  Folger: — Even  at  that  it  is  very  much  less  than 
the  cost  of  tires,  supplies,  etc. 

Mr.  Walker: — A  man  will  buy  a  passenger  car,  and 
it  does  not  make  any  difference  what  it  costs  him  to 
run  it.  When  he  buys  a  car  to  do  business  with  he 
very  carefully  analyzes  the  cost. 

Dr.  Pogue  : — ^According  to  the  figures  we  gathered,  the 
average  fuel  consumption  in  running  a  motor  truck  is 
47  bbl.  per  yr.,  and  at  ?8  per  bbl.  the  annual  fuel  cost  is  a 
considerable  item. 

Herbert  Chase  : — It  is  very  apparent  that  gasoline  will 
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not  always  be  available  in  the  form  that  we  know  it 
today,  although  we  may  have  it  at  a  price  very  much 
greater  than  we  now  pay.  Is  it  not  obvious  that 
the  automotive  industry  as  a  whole  should  immediately 
undertake  the  development  of  engines  that  will  use  a 
wider  range  of  fuel?  These  may  not  be  Diesel  engines, 
they  may  be  an  entirely  different  type,  one  that  does  not 
run  on  cycles,  but  I  firmly  believe  that  it  is  the  duty  of 
the  automotive  engineers  of  the  country  to  undertake  this 
task  at  once.  Some  years  ago  it  became  evident  that  a 
very  fine  grade  of  coal,  that  is  a  pulverized  form  or  the 
smaller  sized  lumps,  could  be  used  for  steam  purposes.  It 
was  thought  that  this  would  effect  great  economy  in  the 
coal  supply.  As  a  matter  of  fact,  since  the  coal  could  be 
had  at  a  lower  price,  the  demand  was  so  much  greater  that 
within  a  few  years  the  fact  that  a  larger  source  was  avail- 
able had  been  offset.  It  seems  to  me  most  important  that 
engineers  today  realize  the  need  for  increasing  the 
thermal  efficiency  of  engines  and  seeking  for  one  that 
will  adapt  itself  to  a  wider  range  of  fuels. 

C.  J.  P.  Lucas: — Fuel  is  a  vital  factor  in  the  sale  of 
tractors,  trucks  and  passenger  cars  in  South  America, 
and  it  is  absolutely  necessary,  if  American  manufac- 
turers want  to  get  their  share  of  that  business,  that  they 
be  able  to  design  an  engine  that  will  bum  almost  any 
kind  of  fuel.  The  people  at  Buenos  Aires  pay  between 
62  and  75  cents  per  gal.  for  gasoline.  That  is  the  one 
factor  that  is  keeping  American  and  all  other  tractors 
out  of  the  South  American  markets.  Until  American 
manufacturers  design  an  engine  that  will  bum  a  low 
grade  of  fuel  which  will  not  cost  over  30  cents  per  gal. 
they  will  have  a  hard  time  getting  a  fair  share  of  that 
trade,  because  the  South  Americans  are  very  loath  to 
change. 
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FUEL  ECONOMY  OF  AUTOMOTIVE 
ENGINES 

By  Dr  H  C  Dickinson* 

THE  approaching  exhaustion  of  the  petroleum  sup- 
ply, from  which  nearly  all  of  the  available  internal- 
combustion  engine  fuel  is  produced,  raises  two  vital 
questions,  upon  the  answers  to  which  will  depend  the 
future  of  the  automotive  industry.  These  are  (a) 
what  fuels  are  to  be  available,  from  the  point  of  view 
of  the  engine  designer  and  (b)  how  much  transporta- 
tion can  be  secured  from  the  fuel  used. 

It  is  not  certain  that  satisfactory  engrines  can  be 
developed  to  handle  a  wider  range  of  fuels  than  those 
used  at  present.  It  is  therefore  not  clear  whether 
the  trend  of  development  will  be  toward  two  or  more 
different  grades  of  fuel,  or  toward  a  single  mixed  fuel 
to  be  used  in  all  engines  ultimately  designed  to  bum  it. 
The  development  of  different  grades  of  fuel  may  re- 
sult in  a  light  fuel,  such  as  gasoline,  and  a  heavier 
fuel,  such  as  kerosene,  or  an  even  heavier  product,  each 
to  be  used  in  engines  of  different  desigtis,  the  heavier- 
fuel  engine  being  used  for  tractor  and  possibly  truck 
service. 

The  second  question  emphasizes  the  necessity  of  more 
careful  study  of  the  fuel  waste  in  existing  types  of 
vehicles.  A  brief  analysis  of  present  automotive  prac- 
tice shows  that  not  less  than  80  per  cent  of  the  fuel 
is  used  unnecessarily.  Bad  carburetion,  largely  due 
to  ignorance  or  carelessness  on  the  part  of  the  user; 
excessive  mechanical  losses,  and  a  general  tendency 
to  heavy  cars  and  unnecessarily  large  engines,  are  re- 
sponsible for  this  condition.  A  more  careful  scientific 
study  of  fuel  economy  is  urgently  needed. 

The  subject  of  fuel  economy  in  automotive  engines 
has  been  of  such  secondary  importance  as  to  appear 
mainly  of  academic  interest.  Fuel  costs  in  this  coun- 
try have  not  yet  become  of  primary  importance  in 
the  maintenance  of  passenger  cars  and  seldom  so  in  the 
operation  of  commercial  vehicles.  Questions  of  first  cost» 
reliability,  flexibility,  and  in  the  case  of  passenger  cars, 
ease  and  comfort  of  operation,  in  other  words,  luxury, 
have  been  of  far  greater  commercial  importance. 
.    There  has  been  a  decided  though  gradual  increase  in 
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the  importance  of  fuel  costs  in  the  last  few  years.  This 
is  due  partly  to  the  increase  in  the  cost  of  gasoline  rela- 
tive to  that  of  other  items  in  the  total  bill  for  operation 
of  motor  vehicles  and  partly  to  the  stabilization  of  the 
industry,  which  always  leads  to  more  and  more  careful 
consideration  of  all  items  of  expense. 

That  the  relative  importance  of  fuel  costs,  particularly 
as  regards  commercial  vehicles,  will  increase  at  a  grow- 
ing rate  from  now  on  is  inevitable.  This  is  readily  seen 
on  a  careful  analysis  of  the  situation  as  to  fuel  supply. 
The  extent  and  success  of  the  automotive  industry  will 
depend  upon  the  amount  and  price  of  available  fuel,  and 
the  cost  per  ton-mile  or  ton-mile  per  hour  of  trans- 
portation.. 

This  then  raises  the  questions  which  the  automotive  en- 
gineers must  face,  and  face  immediately :  (a)  What  are  to 
be  the  available  fuels  from  the  point  of  view  of  the  en- 
gine designer?  and  (&)How  many  ton-miles  or  ton-miles 
per  hour  can  be  obtained  from  the  total  available  supply? 

The  Fuels  op  the  Future 

The  answer  to  the  first  question,  i.  e.,  what  are  to  be 
the  available  fuels,  will  depend  upon  the  possible  flexi- 
bility of  automotive  engines  as  regards  the  use  of  less 
volatile  or  perhaps  impure  or  mixed  fuels  not  now  avail- 
able. Of  course,  alcohol,  benzol  and  shale-oil  distillates 
may  add  increasingly  to  the  supply  of  fuel  of  approxi- 
mately the  present  grades  of  volatility;  yet  it  is  impera- 
tive that  the  industry  should  fully  appreciate  the  neces- 
sity of  much  further  development  in  the  use  of  less  vola- 
tile fuels  and  perhaps  of  special  fuels  to  meet  future 
requirements.  The  properties  of  fuels  at  present  recog- 
nized as  important  and  subject  to  specification  and  test 
are  as  follows: 

(1)  Volatility,  determined  by  distillation.  The  charac- 
teristics of  the  low  boiling  fractions  determine  the 
ease  of  starting  of  any  given  engine.  The  charac- 
teristics of  the  high  boiling  fractions  indicate  the 
tendency  to  incomplete  combustion  and  to  contam- 
ination of  lubricating  oil 

(2)  Resin  values  determined  by  gumming  tests  which 
determine  the  liability  of  the  fuel  to  leave  objec- 
tionable gummy  deposits  in  the  carbureter  or  on 
valve-stems,  etc. 

(8)  Heat  of  combustion  in  British  thermal  units  de- 
termined by  a  combustion  calorimeter.     The  heat 
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of  combustion  determines  the  total  available  energy 
supply  in  any  given  fuel.  Differences  between  dif- 
ferent gasolines  do  not  exceed  2  or  3  per  cent. 
Fuels  of  widely  different  heats  of  combustion  (gas- 
oline and  alcohol)  give  corresponding  differences  in 
pounds  per  horsepower-hour.  As  between  differ- 
ent gasolines  in  use,  these  relative  differences  are 
not  apparent 
(4)  Presence  of  unsaturated  hydrocarbons  determined 
by  chemical  treatment  specified  by  the  Bureau  of 
Mines.  The  presence  of  these  compounds  does  not 
affect  the  power-producing  qualities  of  the  gasoline 
so  far  as  is  at  present  known 

Other  properties  not  commonly  determined  by  test  but 
which  may  be  important  are  as  follows: 

(1)  Vapor  pressure,  which  is  closely  related  to  volatil- 
ity, is  probably  important  as  regards  the  starting 
qualities  of  fuel 

(2)  The  product  of  vapor  pressure  by  fluidity  offers  a 
means  of  estimating  the  occurrence  of  different 
constituents  in  a  gasoline 

(3)  Viscosity  which  usually  varies  with  the  temperature 
and  composition  of  the  fuel.  Changing  viscosity 
affects  the  metering  characteristics  of  most  car- 
bureters 

(4)  Saturation,  pressures  and  temperatures  for  fuel- 
air  mixtures  in  combining  proportions.  These  rela- 
tions may  be  important  in  determining  the  temper- 
atures at  which  complete  vaporization  of  the  fuel 
in  the  intake  can  be  secured 

(5)  Rate  of  flame  propagation.  It  is  important  in  the 
selection  of  fuels  for  high-speed  operation  and  also 
determines  to  some  extent  the  thermal  efficiency 
which  can  be  obtained 

(6)  Detonation  is  of  importance  in  determining  the 
maximum  compression  pressures  at  which  any  given 
fuel  can  be  successfully  used 

(7)  The  products  of  combustion  occurring  during  the 
process,  if  determined,  would  probably  throw  light 
upon  the  causes  of  detonation  and  help  to  explain 
the  different  characteristics  of  different  fuels 

Engine  characteristics  which  have  a  bearing  on  the 
behavior  of  different  fuels  are  as  follows : 

(1)  Compression  ratio,  which  is  limited  by  the  tend- 
ency of  the  fuel  to  preignite  or  to  detonate.  The 
production  of  fuels  which  resist  preignition  or  de- 
tonation would  permit  of  considerable  increase  in 
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compression  ratio  and  corresponding  increase  of 
thermal  efficiency.     (See  Fig.  1) 

(2)  The  design  and  dimensions  of  the  explosion  cham- 
ber or  the  ratio  of  surface  to  volume  affect  the 
•tendency  of  a  fuel  to  preignite  as  they  do  the 
thermal  efficiency  of  the  engine 

(3)  Localized  hot  spots  occurring,  for  instance,  on 
spark-plugs,  piston  heads  or  valves,  affect  preigni- 
tion 

(4)  Engine  speed  in  revolutions  per  minute.  The  speed 
at  which  an  engine  can  be  run  with  satisfactory 
thermal  efficiency  depends  upon  the  raite  of  flame 
propagation  and  other  characteristics  of  the  fuel 

Some  problems  which  are  of  interest  in  the  study  of 
fuels  are  as  follows: 

(1)  The  effect  of  varying  fuel  composition  on  brake 
thermal  efficiency  of  engines  of  different  types. 
Some  measurements  of  this  kind  are  available  for 
maximum  load  conditions,  but  scarcely  any  for  en- 
gines operating  at  low  throttle 

(2)  The  phenomenon  of  detonation  which  occurs  per- 
sbtently  with  some  fuels  and  much  less  so  with 
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others  is  of  prime  importance.  Its  cause  and  pos- 
sible remedies  should  be  giv^  additional  study 
(3)  The  commercial  development  of  fuels  which  will 
permit  of  increased  compression  pressures.  Such 
fuels  as  cyclohexane  and  benzol-gasoline  mixtures 
offer  a  promising  field  of  investigation 

Another  question  which  appears  to  be  worthy  of 
careful  consideration  is  this:  In  the  use  of  fuels  of  a 
wide  range  of  volatility,  will  the  best  overall  economy 
be  secured  by  developing  apparatus  to  use  a  single  very 
heterogeneous  fuel  such  as  would  be  represented  by  a 
mixture  of  gasoline,  kerosene  and  perhaps  heavier  frac- 
tions ;  or  will  this  same  end  be  best  attained  by  develop- 
ing two  or  more  distinct  types  of  appliances,  and  conse- 
quently the  marketing  of  two  or  more  distinct  and 
semi-standardized  fuels?  The  more  volatile  of  these 
would  not  be  used  to  any  extent  in  appliances  fitted  for 
the  less  volatile  grades  on  account  of  cost,  fire  risk  or 
other  causes. 

There  is  much  to  be  said  on  both  sides  of  this  question, 
which  should  be  settled  as  a  matter  of  fixed  policy  by 
the  automotive  and  the  oil  industries  jointly.  If  these 
industries  are  allowed  to  pursue  their  course  of  natural 
development  without  such  a  directing  policy  the  ultimate 
solution  is  likely  to  be  long  delayed  and  will  result  in 
great  expense  to  all  concerned. 

The  Lines  of  Development 

The  present  trend  of  development  seems  to  point  to  the 
use  of  two  or  more  fuels.  We  have  as  semi-standardized 
products,  gasoline  and  kerosene,  and  a  trend  of  develop- 
ment toward  devices  intended  specifically  to  utilize  one 
or  the  other.  While  most  of  the  kerosene  devices  will  still 
use  gasoline  as  well  or  better  than  kerosene,  this  may  be 
attributed  to  the  fact  that  most  of  these  devices  are  di- 
rect lineal  descendants,  so  to  speak,  of  gasoline  devices 
and  to  the  fact  that  the  trend  of  commercial  gasoline  has 
been  to  encroach  more  and  more  on  the  kerosene  field. 
If  future  carbureters  are  developed  and  widely  adopted 
which  will  handle  kerosene  and  heavier  distillates  better 
than  they  will  gasoline,  there  will  be  a  strong  tendency 
to  make  gasoline  and  kerosene  more  distinct  in  character 
than  at  present,  i.  e.,  there  will  be  less  necessity  of  in- 
cluding the  heavier  fractions  in  gasoline  or  passenger  car 
fuel,  as  they  might  be  marketed  at  nearly  the  same  price 
in  the  heavier  grade  of  fuel. 
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The  advantages  to  be  gained  by  this  line  of  development 
are  as  f  oUovirs : 

(1)  It  would  permit  the  unrestricted  use  of  most  of  the 
present  existing  carburetion  equipment  for  its  en- 
tire useful  life,  since  there  would  then  be  no  neces- 
sity for  any  further  considerable  reduction  in  qual- 
ity of  gasoline 

(2)  It  would  permit  a  permanent  use  of  the  more  vola- 
tile fuels  for  tho*se  tyx>es  of  service  where  incon- 
venience, flexibility  or  luxury  are  important,  such 
as  airplanes  and  passenger  cars,  and  of  a  less  vola- 
tile and  somewhat  cheaper  and  much  safer  fuel  for 
most  commercial  purposes 

(8)  It  would  offer  a  real  advantage  from  the  engineer's 
standpoint  in  not  calling  for  the  design  of  all 
equipment  to  meet  the  most  difficult  carbureting 
condition.  There  is  no  question  that  the  use  of 
kerosene  and  heavier  fuels  in  engines  of  the  pres- 
ent type  presents  to  the  engineer  a  difficult  prob- 
lem which  is  likely  to  be  solved  much  more  satis- 
factorily for  commercial  cars  than  for  passenger 
cars.  The  heating  of  the  inlet  charg^e  which  at 
present  appears  essential  to  the  use  of  heavy  fuels, 
necessarily  decreases  engine  power,  thus  requiring 
a  larger  and  therefore  heavier  engine  to  deliver 
the  same  maximum  power.  This  is  accompanied 
by  increasing  friction  losses  which  are  extremely 
important  at  the  average  light-load  conditions  ob- 
taining in  passenger  cars.  The  average  engine 
load  is  probably  much  nearer  the  maximum  in  all 
commercial  vehicles 

(4)  The  quality  of  two  fuels  could  probably  be  main- 
tained more  nearly  uniform  than  that  of  a  single 
fuel,  as  there  would  be  greater  opportunity  with 
two  grades  for  the  refiner  to  adjust  the  distribution 
of  the  fractions  of  his  total  product  to  accord  with 
the  demands  of  the  user 

Offsetting  these  advantages  made  possible  by  the  use 
of  two  distinct  tjrpes  of  fuels,  there  are  decided  advan- 
tages to  be  expected  from  the  adoption  of  a  single  fuel 
for  all  automotive  engines: 

(1)  The  cost  of  production  and  distribution  of  a  single' 
fuel  would  be  less  than  that  of  two 

(2)  All  automotive  equipment  would  be  standardized 
eventually  to  handle  the  same  universal  fuel 

The  foregoing  discussion  has  been  based  on  the  present 
general  type  of  engine,  i.  e,,  the  four-stroke  Otto  cycle, 
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constant-volume  engine,  virater-cooled,  and  supplied  with 
throttle-controlled,  carbureted  mixture.  That  this  al- 
most universal  type  may  be  replaced  by  something  else 
in  the  interest  of  fuel  utilization  is  not  beyond  the 
bounds  of  possibility.  Other  types,  such  as  the  Diesel, 
with  fuel  injection,  are  better  adapted  to  the  use  of  heavy 
fuels,  are  more  flexible  in  the  kinds  of  fuel  which  they 
will  use,  and  may  offer  other  advantages  in  economy.  If 
a  radically  different  type  of  engine  should  be  developed 
along  these  or  any  other  lines,  or  if  for  instance  a  steam 
engine,  some  of  which  show  thermal  efSciencies  equal  to 
that  of  present  automobile  engines,  viz.,  above  20  per 
cent,  or  a  combustion  turbine,  should  ultimately  be  widely 
adopted,  the  advantages  of  a  single  fuel  would  be  in- 
creased. 

Fuel  Economy 

The  second  main  question,  i.  e.,  how  many  ton-miles  or 
ton-miles  per  hour,  or  tons  drawbar-pull  miles,  can  be 
secured  per  gallon  of  fuel,  may  best  be  considered  by  a 
general  survey  of  the  energy  distribution  in  the  opera- 
tion of  automotive  appliances. 

The  automotive  vehicle,  whether  it  be  passenger  car, 
truck  or  airplane,  is  essentially  an  appliance  for  trans- 
forming stored  heat  energy  into  useful  work  in  the  form 
of  transportation  in  ton-miles  or  ton-miles  per  hour.  In 
tractors  the  useful  work  may  be  represented  by  ton 
drawbar-pull  miles.  It  is  interesting  to  note  that  trucks 
and  passenger  cars  deliver  approximately  the  same  num- 
ber of  ton-miles  per  hour  for  the  same  heat  supplied  on 
the  basis  of  the  total  weight  of  the  machine. 

Table  of  Figures 

Trucks    0.57  ton-miles  per  hr.  per  hp. 

Passenger  cars 0.47  ton-miles  per  hr.  per  hp. 

Airplanes  0.58  ton-miles  per  hr.  per  hp. 

Granting  that  the  object  to  be  gained,  so  far  as  fuel  is 
concerned,  is  the  maximum  number  of  ton-miles,  or  for 
some  pui^oses  ton-miles  per  hour,  per  unit  of  available 
heat  under  average  operating  conditions,  it  is  of  interest 
to  arrive  at  some  estimate  as  to  what  becomes  of  the 
heat  supplied  by  the  fuel  burned  under  these  conditions. 

Fig.  2  represents  the  average  of  a  number  of  familiar 
published  analyses  of  heat  distribution  in  passenger  cars 
at  approximately  full  load  and  most  favorable  speed  with 
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most  favorable  road  surface.    This  may  serve  as  a  basis 
for  discussion  of  the  various  items  involved. 

Fig.  8,  presented  for  illustration,  gives  the  results  of 
experiments  with  an  Hispano-Suiza  aeronautic  engine 


FiQ.  2 — Enerqt  Diaqrajc  for  Speed  of  38  Miles  per  Hr. 

tested  in  the  Altitude  Laboratory  of  the  Bureau  of  Stan- 
dards. 

The  following  table  gives  the  heat  distribution  for 
motor  vehicles:  (Some  of  the  figures  for  passenger  cars 
have  been  estimated) 
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Full  load  and  Average  load  Averaflre  load  and 

most  favorable  and  speed  speed,  average 

laboratory  laboratory  operation 

adjustment.  adjustment,  adjustment. 

per  cent  per  cent  per  cent 

Heat  supplied 100  100  100 

Cooling  water  36  38  38 

Exhaust    36  39  48 

Engine  friction   6  13  13 

Brake     thermal      effi- 
ciency        22  10  6 

Of  the  available  pov^er  of  the  engine,  also  of  the  heat 
(lupplied,  the  distribution  is  somev\rhat  as  f oUov^s : 

Good  practice    Average  practice  Bad  condition 

Engine      Heat      Engine      Heat  Engine      Heat 

power,    supplied,    power,  supplied,  power,   supplied, 

per  cent  i>er  cent  per  cent  per  cent  i>er  cent  per  cent 

Muffling   9          2.0          10          1.0  10          0.6 

Driving  gear..     12          2.6          15          1.5  18          1.1 
Tires   (on  best 

roads)  23          5.1          30          3.0  35          2.1 

Road  surface 

(added  load)       0             0            5          0.5  12          0.7 

Useful  power    56        12.3  40  4.0  25  1.6 

Let  us  consider  these  items  individually,  beginning  with 
the  brake  thermal  efficiency. 

Brake  Thermal  Efficiency 

The  present  brake  thermal  efficiency  of  the  best  aero- 
nautic engines  is  roughly  25  per  cent  running  up  to  per- 
haps 28  per  cent  or  a  little  higher  in  extreme  cases  at 
full  load  and  the  most  favorable  speed.  The  maximum 
thermal  efficiency  of  the  modern  automobile,  truck  or 
tractor  engine  will  seldom  exceed  20  per  cent  under  full 
load  and  most  favorable  speed  conditions.  The  greater 
part  of  all  gasoline  is,  however,  consumed  in  engines  run- 
ning under  very  much  less  favorable  conditions. 

If  it  is  assumed  that  the  average  passenger  car  in  this 
country  is  capable  of  a  road  speed  of  45  miles  per  hr. 
and  is  operated  at  an  average  speed  of  20  miles  per  hr. 
then  the  tractive  load  in  pounds  is  probably  not  far  from 
one-fourth  maximum  tractive  load  and  the  engine  speed 
is  about  one-half  the  rate.  The  average  car  as  now  built 
is,  therefore,  necessarily  being  operated  under  conditions 
which  absolutely  preclude  an  engine  brake  thermal  ef- 
ficiency exceeding  something  between  10  and  15  per  cent; 
probably  very  much  nearer  10  per  cent  than  15  per  cent. 

This  figure  again  represents  not  what  the  average  car 
is  doing,  but  simply  the  best  that  it  could  do  under  the 
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average  speed  and  load  conditions  if  supplied  at  all  times 
vi^ith  the  most  efficient  fuel-air  mixture,  vi^hich  unfor- 
tunately is  seldom  the  case.  How  far  the  present  average 
carbureter  adjustment  is  from  the  best  possible  one  is 
not  now  known.  As  an  illustration  of  what  may  be  the 
difference  between  the  possible  and  actual  average  fuel 
consumption,  Fig.  6  gives  "miles  per  gallon''  as  meas- 
ured on  a  standard  Ford  engine  mounted  with  a  fan 
load,  adjusted  to  give  a  speed  corresponding  to  40  miles 
per  hr.  car  speed  at  full  load.  Car-speed  load  relations 
are  computed  from  previous  data  on  power  requirements 
of  cars  on  a  level  road.  These  results  are  in  accord  with 
what  we  know  of  the  performance  of  cars  of  this  kind, 
and  are  probably  representative  of  what  is  happening 
with  Ford  cars  on  the  road,  and  Ford  cars  are  respon- 
sible for  the  consumption  of  a  large  share  of  the  gasoline 
used 
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Briefly  stated,  the  average  passenger  car  is  running  on 
an  average  mixture  ratio  somewhere  betvireen  25  and 
60  per  cent  richer  than  is  necessary,  with  consequent 
increase  in  carbonization  and  in  lubrication  difficulties, 
and  with  no  attending  advantages  except  possibly  greater 
ease  in  starting  and  quicker  get-away  when  the  engine  is 
cold. 

The  scores  of  "pills,"  "improvers,"  and  "dopes"  sold  to 
the  unsuspecting  public  and  guaranteed  to  increase  the 
car  mileage  anywhere  from  20  to  100  per  cent  bear 
eloquent  testimony  to  the  failure  of  passenger  vehicles 
in  particular  to  reach  their  maximum  fuel  economy. 
There  is,  of  course,  no  known  substance  commercially 
available  which  can  be  mixed  with  gasoline  in  the  pro- 
portion of  1  in  5000  or  even  1  in  500  with  any  significant 
effect  on  engine  power.  Probably  no  such  substance  ex- 
ists. Whether  any  substances  in  such  small  amounts  can 
reduce  the  deposition  of  carbon  is  difficult  to  prove  con- 
clusively, but  there  is  no  reliable  evidence  that  even  this 
can  be  accomplished.  Yet  the  engineers  must  face  the 
incontestable  fact  that  fuel  improvers  are  sold  'and  that 
changes  in  engine  condition,  carbureter  adjustment  and 
carefulness  of  the  driver,  etc.,  which  accompany  their 
use,  do  account  for  actual  increases  in  average  mileage 
per  gallon,  even  when  full  discount  is  made  for  the  psy- 
chological element. 

In  the  recent  New  York  Herald  1000  mile  track  and 
road  test,  neglecting  the  necessary  uncertainties  of  any 
such  test,  some  eleven  cars  did  actually  attain  an  average 
mileage  of  19.8  miles  per  gal.,  and  these  same  cars  with 
modified  attachments  and  adjustments  made  an  average 
mileage  of  28.6  miles  per  gal.  This  was  accompanied 
with  no  significant  decrease  in  acceleration  or  flexibility, 
if  the  records  are  to  be  taken  at  their  face  value.  While 
no  engineer  could  accept  without  qualification  the  con- 
clusions drawn  from  a  test  of  this  kind,  the  figures  given 
illustrate  at  least  the  possible  differences  in  fuel  economy 
which  can  occur  in  practice. 

One  cannot  escape  the  conclusion  that  the  average  car 
could  be  made  to  cover  at  least  20  per  cent  more  miles 
per  gallon  than  it  does  today.  In  other  words,  sufficient 
engineering  skill,  if  applied  at  this  point,  could  conceiv- 
ably increase  by  20  per  cent  our  available  fuel  supply; 
or,  in  other  words,  permit  an  additional  1,000,000  cars 
to  operate  on  the  present  gasoline  consumption. 

The  demand  for  cars  characterized  by  easy  starting  and 
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quick  get-away  with  a  cold  engine,  is  responsible  for  a 
large  part  of  this  excess  fuel  consumption;  and  con- 
sidered from  the  point  of  view  of  the  automobile  in- 
dustry when  facing  a  probable  limitation  of  fuel,  this 
ease  of  starting  is  expensive  at  the  price.  The  develop- 
ment of  better  means  of  starting  and  warming  an  engine 
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Pio.  4 — Brakb  Thermal  Efficibnct  op  a  Class  B  Truck  Engine 
Operating  at  1000  R.P.M, 


seems  to  have  been  neglected,  except  as  regards  convenient 
means  of  turning  the  engine  over.  The  writer  believes 
that  this  is  an  undeveloped  field  in  which  a  reasonable 
amount  of  engineering  ability  might  yield  large  returns 
to  the  successful  inventor,  and  incidentally  benefit  the 
whole  industry  enormously  by  removing  one  of  the  main 
obstacles  to  better  average  fuel  economy.  However,  the 
owner  and  the  garage  man  are  not  responsible  for  all  the 
fuel  waste. 

The  subject  of  carburetion  opens  a  field  for  unlimited 
discussion.    In  spite  of  the  enormous  amount  of  develop- 
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Fia.  5 — Brake  Thermal  E2fficibnct  op  a  Ford  Engine 

ment  work  done  in  this  field,  the  art  of  metering  and  mix- 
ing fuel  and  air,  even  considering  commercial  gasoline 
alone,  has  not  kept  pace  v^ith  the  development  of  the  en- 
gine and  the  changing  quality  of  gasoline:  There  is  no 
doubt  that  a  more  nearly  universal  application  of  care- 
fully V70rked  out  engineering  laboratory  tests  on  all 
carbureters,  over  their  full  range  of  performance,  V70uld 
lead  to  decided  improvements  and  perhaps  to  the  elimina- 
tion of  some  designs  which  cannot  be  made  to  give  uni- 
form results.  Without  attempting  to  discuss  this  field  of 
design,  the  writer  ventures  to  urge  the  importance  of  at 
least  the  abolition  of  the  present  common  practice  of  sup- 
plying carbureters  with  a  wide  range  of  adjustment  which 
the  ordinary  garage  mechanic  or  the  owner  can  manipu- 
late to  suit  his  own  fancy. 

The  carbureter,  so-called,  is  essentially  a  device  for 
metering  and  atomizing  fuel  and  mixing  it  intimately 
with  the  measured  quantity  of  air  required  by  the 
throttle  opening.  So  far  as  metering  alone  is  concerned, 
there  is  no  serious  difficulty  in  producing  a  non-adjust- 
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able  carbureter  for  all  kinds  of  service.  The  only  dif- 
ficulties occur  at  very  light  loads  and  v^rith  extreme  tem- 
perature changes.  Numerous  successful  methods  of  me- 
tering properly  at  low  throttle  are  in  use.  The  effect  of 
changes  in  temperature  or  quality  and  consequent  changes 
in  viscosity  of  the  fuel  can  be  minimized  by  the  use  of 
types  of  metering  orifices  in  which  the  rate  of  discharge 
is  least  affected  by  viscosity. 

As  regards  atomizing  and  mixing,  the  adoption  of  a 
non-adjustable  design  presents  no  serious  difficulties. 
The  general  adoption  of  the  best  available  non-adjustable 
carbureters  would  effect  a  very  important  saving  in 
fuel.  A  more  general  adoption  of  accurate  laboratory 
methods  for  development  tests  may  be  depended  upon  to 
bring  out  designs  which  will  meet  all  requirements  with 
still  greater  economy  of  fuel. 

Exhaust  Losses 

The  heat  in  the  exhaust  gases  represents  with  com- 
plete combustion  in  general  about  40  to  45  per  cent 
of  the  total  heat  of  the  fuel  burned  in  the  cylinders.    If 
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the  fuel  charge  is  completely  burned  early  in  the  power 
stroke,  the  exhaust  heat  is  determined  by  the  total  heat 
of  the  fuel  burned,  the  compression  ratio,  and  the  loss  to 
the  jacket.  With  perfect  carburetion,  including  both  va- 
porization and  mixing  of  the  fuel  and  air,  and  with 
proper  timing  of  ignition,  this  loss  is  a  minimum. 

In  practice,  however,  the  atomization  of  fuel  in  the 
carbureter  is  usually  not  complete  enough  to  permit  of 
complete  combustion  early  in  the  power  stroke  and  the 
exhaust  usually  contains  considerable  heat  due  to  delayed 
combustion  of  some  of  the  fuel,  as  well  as  considerable 
unbumed  or  partially  burned  fuel.  These  losses  prob- 
ably represent  the  largest  remediable  waste  of  fuel  in 
automotive  appliances.  If  this  waste  alone  could  be  elimi- 
nated, certainly  at  least  500,000  additional  passenger 
cars  or  their  equivalent,  possibly  twice  this  number, 
could  be  operated  on  the  gasoline  which  would  be  saved. 

Cooling  Water 

The  cooling  of  cylinder  walls  is  apparently  essential, 
but  the  loss  varies  so  much  that  a  careful  study  of  its 
causes  is  important.  Unlike  losses  in  the  exhaust,  it  is 
subject  mainly  to  mechanical,  not  therodynamic,  limita- 
tions, and,  in  theory,  at  least,  might  be  greatly  reduced. 

Transfer  of  heat  from  the  hot  charge  to  the  cylinder 
walls  takes  place  both  by  conduction  and  by  radiation 
from  the  hot  gases  to  the  cooler  cylinder  walls.  As  the 
gases  themselves  are  transparent  to  radiation,  the  amount 
of  heat  received  per  unit  area  of  cylinder  wall  depends 
not  only  on  the  temperature  but  on  the  depth  of  the  radi- 
ating gas  charge  or,  in  other  words,  on  the  cylinder 
volume. 

The  percentage  loss  to  cooling  water  for  a  given  mean 
effective  temperature  of  charge  depends  upon  turbulence, 
cylinder  design  and  dimensions,  piston  speed  and  cylin- 
der wall  temperature.  The  latter  is  less  important  than 
might  appear,  since  the  effective  temperature  of  the 
charge  is  so  much  higher  than  that  of  the  walls  (the  dif- 
ference being  probably  well  over  2000  deg.  fahr.)  that 
differences  of  100  to  150  deg.  such  as  may  occur  in  cylin- 
der wall  temperature  are  not  very  important  as  regards 
jacket  water  losses. 

Three  possibilities  for  a  radical  decrease  in  cooling 
jacket  losses  are: 

(1)  Reduction  in  the  ratio  of  surface  to  volume  in  the 
combustion  chamber 
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(2)  Reduction  in  the  mean  effective  temperature  in  the 
cylinder  without  too  great  loss  of  efficiency  of  the 
cycle 

(3)  The  operation  of  engines  with  cylinder  walls  very 
much  hotter  than  at  present 

As  has  been  pointed  out  above,  the  walls  would  neces- 
sarily be  very  much  hotter  than  is  possible  under  existing 
conditions  to  offer  any  considerable  advantage  in  reduc- 
tion of  jacket  losses.  However,  a  moderate  increase  in 
temperature  may  improve  fuel  economy  and  lubricatiop 
as  well  as  prevent  the  deposit  of  fuel  on  the  cylinder  walls. 

Reduction  in  mean  effective  temperature,  on  the  other 
hand,  offers  some  practical  possibilities.  For  instance, 
in  fuel-injection  engines,  direct  and  semi-direct  types, 
the  cycle  efficiency  might  be  maintained  with  very  moder- 
ate temperature  within  the  cylinders.  The  mechanical 
efficiency,  however,  tends  to  be  low  under  these  condi- 
tions. 

Friction  Losses 

The  friction  losses  in  engines  are  usually  from  10  to 
20  per  cent  of  the  brake  power  developed  by  the  engine, 
or  from  2  to  4  per  cent  of  the  heat  supplied.  Any  reduc- 
tion in  these  losses,  however,  will  increase  the  available 
power  of  the  engine  and  permit  the  use  of  smaller  units 
on  account  of  the  relatively  large  amount  of  power  ab- 
sorbed in  friction  at  light  engine  loads.  The  friction 
losses  comprise  those  due  to  (a)  the  work  necessary  to 
compress  the  charge  from  the  intake  pressure  to  that  of 
the  exhaust,  (6)  the  friction  of  the  reciprocating  and  ro- 
tating parts  of  the  engine,  the  piston,  valves,  camshafts 
and  crankshafts,  and  (c)  the  power  necessary  to  drive 
the  auxiliary  apparatus,  the  ignition  and  lighting  sys- 
tems, the  fan  and  water-pump,  etc.  Of  these  losses,  that 
due  to  the  compression  of  the  charge  is  the  most  impor- 
tant, being  in  some  cases  as  much  as  50  per  cent  of  the 
total  friction  loss. 

The  losses  due  to  the  compression  of  the  gas  charge 
are  inherent  in  the  method  of  throttle  control  of  the 
engine  and  can  be  eliminated  only  by  a  fundamental 
change  in  the  cycle  used  or  means  of  control.  The  pos- 
sibilities of  reducing  the  losses  in  the  rotating  parts 
with  properly  lubricated  bearings  are  slight,  but  any 
losses  due  to  excessively  viscous  or  otherwise  unsuitable 
lubricant  are  entirely  unnecessary  and  can  be  avoided  at 
all  times. 
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Muffler  Losses 

Losses  in  manifolding  and  muffling  are  of  some  im- 
portance at  full  load  and  high  speed,  being,  according 
to  Riedler,  about  9  per  cent  of  the  total  power.  This 
figure  is  probably  much  too  high  for  current  American 
practice,  since  manifolding  losses  are  decreased,  although 
no  very  satisfactory  test  figures  are  at  hand.  The  Ga- 
lain  muffler  shovirs  much  better  results.  However,  the 
relative  muffler  losses  decrease  considerably  at  light 
loads,  so  that  under  average  road  condition  they  are  not 
of  great  importance. 

The  problem  of  muffler  design  might  repay  further 
careful  investigation  by  a  small  gain  in  economy.  In  an 
exhaust  manifold  which  connects  not  more  than  six  cyl- 
inders, there  occur  pulsations  whose  kinetic  energy  may 
be  utilized  to  reduce  back-pressure  at  the  end  of  the  ex- 
haust stroke.  Mufflers  which  seem  to  utilize  this  effect 
have  been  designed,  and  their  more  general  use  might 
be  advantageous. 

Driving  Gear  Losses 

The  fact  that  losses  in  transmission  amount  to  12  per 
cent  of  engine  power,  according  to  Riedler,  are  in  gen- 
eral difficult  to  measure  accurately  and  require  elaborate 
equipment  for  the  purpose,  probably  accounts  for  the 
comparatively  few  investigations  of  transmission  gear 
efficiencies  that  have  been  undertaken.  Moreover,  much 
of  the  best  information  that  has  been  obtained  is  lost 
in  the  files  of  the  experimental  departments  of  manufac- 
turers. 

Although  the  possible  fuel  savings  which  might  be  ac- 
complished by  refinements  in  transmission  systems  are 
not  so  great  as  from  improvements  elsewhere,  they  do 
have  a  direct  bearing  on  lubrication  difikulties  and  ex- 
penses, since  unnecessary  power  losses  in  transmission 
are  accompanied  by  unnecessary  deterioration  of  lubri- 
cants due  to  high  temperature,  etc.  Tight  gearcases  per- 
mitting the  use  of  oils  of  properly  low  viscosity  allow 
considerable  reduction  in  this  item  of  loss.  On  the  whole, 
the  subject  is  one  which  offers  a  fertile  field  for  inves- 
tigation, with  prospect  of  most  attractive  returns  from 
a  small  outlay  for  careful  research  work. 

Tire  and  Road  Surface  Losses 

Power  losses  between  the  wheel  rim  and  the  road, 
while  of  considerable  importance,  representing  16  per 
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cent  or  more  of  the  engine  power,  are  perhaps  less  un- 
derstood than  any  other  important  item  of  Vehicle  ef- 
ficiency. 

Some  results  have  been  secured  relative  to  the  losses 
of  different  types  of  pneumatic  tires  at  different  infla- 
tion pressures  on  experimental  surfaces;  and  some  com- 
parative road  tests  on  both  pneumatic  and  solid  tires 
have  been  run  on  various  kinds  of  road.  Many  of  these 
tests  have  been  undertaken  by  tire  makers  or  road  mak- 
ers, and  in  road  tests  which  involve  so  many  elements  of 
uncertainty  and  psychologry  that  it  is  not  easy  to  avoid 
some  bias  on  the  part  of  interested  parties. 

The  following  table  of  results  illustrates  differences 
in  mileage  which  may  occur  with  trucks  on  different 
types  of  road  surface.  It  is  quoted  from  an  article  pub- 
lished by  A.  N.  Johnson  in  the  Engineering-News  Record, 
Nov.  7,  1918.  The  tests  were  run  with  five  new  White 
2-ton  trucks  under  conditions  which  appear  from  the 
published  description  to  warrant  full  confidence  in  the 
results  quoted. 

Figures  are  given  in  gallons  of  fuel  per  truck-mile 
and  in  percentage  of  the  fuel  used  on  brick  or  concrete 
roads  with  no  load.  The  table,  therefore,  shows  the  ad- 
ditional fuel  consumption  due  to  poor  road  surface  as 
well  as  to  increased  load.  "Commercial  runs"  were  made 
at  varying  speeds  averaging  about  15  miles  per  hr. 

A  systematic  collection  and  analysis  of  all  existing 
results  regarding  power  losses  at  the  road  surface, 
prepared  from  the  point  of  view  of  the  engineer  inter- 
ested particularly  in  overall  efficiency,  would  yield  fur- 
ther valuable  results.  Incidentally  one  of  the  most  impor- 
tant, if  not  the  most  important,  phase  of  this  subject 
deals  with  highway  engineering  rather  than  with  auto- 
motive engineering.  Only  by  the  closest  cooperation  be- 
tween the  automotive  and  highway  engineers  and  the  tire 
manufacturers  can  this  problem  be  solved  successfully. 

Useful  Power 

Under  most  favorable  car  and  road  conditions,  at  full 
load  and  most  favorable  speed  with  passenger  cars  as 
now  constructed,  probably  a  little  more  than  50  per  cent 
of  engine  brake  horsepower  may  be  available  for  driving 
the  car,  for  overcoming  grades  and  air  resistance.  Un- 
der average  conditions,  this  percentage  is  reduced  from 
86  or  40  per  cent.  Thus,  only  between  5  and  10  per 
cent  of  the  total  heat  available  in  the  fuel  appears  as 
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useful  work  in  transportation.  None  of  the  individual 
factors  in  this  loss  of  90  to  96  per  cent  can  be  eliminated ; 
but  most  of  them  can  be  reduced  by  better  engineering, 
and  by  educating  the  public.  To  eliminate  10  per  cent 
of  the  aggregate  v^aste  would  be  equivalent  to  doubling 
the  fuel  supply  under  present  conditions.  With  these 
possibilities  in  view  a  real  fuel  shortage  will  not  occur 
for  some  time  if  means  are  taken  immediately  and  sys- 
tematically to  accomplish  all  possible  economies  as 
promptly  as  possible. 

Conclusions 

The  foregoing  discussion  of  familiar  features  of  en- 
gine and  vehicle  design,  presented  from  the  point  of  view 
of  ultimate  economy  of  fuel  suggests  a  group  of  funda- 
mental research  problems  on  most  of  which  more  or  less 
careful  work  has  already  been  done.  Much  of  this  work, 
probably  most  of  it^  is  not  readily  available,  and  even  if 
it  were,  it  does  not  represent  any  approach  to  a  final 
solution  of  any  one  of  tiie  problems  presented. 

The  automotive  engineers  have  worked  together  per- 
haps more  than  any  other  group  of  engineers  in  solving 
problems  of  the  industry.  The  next  and  all-important 
problem  of  fuel  economy  can  be  solved  only  by  more  com- 
plete and  exhaustive  research  than  has  been  undertaken 
heretofore.  Nor  can  this  be  accomplished  by  either  the 
automotive  engineers  alone  or  by  the  refiners  of  pe- 
troleum and  other  fuels.  The  writer  wishes  to  urge 
therefore  more  active  and  effective  cooperation  between 
the  two  industries  in  attacking  this  important  problem. 
For  this  purpose  there  is  an  urgent  need  for  the  forma- 
tion of  an  organization  of  petroleum  technicians  which 
would  be  in  a  position  to  collaborate  with  the  automotive 
engineers  in  a  joint  study  of  fuel  production  and  utiliza- 
tion. 

No  one  company  and  no  one  laboratory  can  hope 
to  undertake  effectively  more  than  a  very  small  part 
of  the  necessary  research.  Some  means,  therefore, 
should  be  provided  for  directing  and  coordinating  for  ' 
the  industry  in  general  such  work  as  can  be  undertaken 
by  the  experimental  departments  of  manufacturing  com- 
panies and  by  the  various  laboratories  equipped  for  these 
lines  of  research.  This  is  a  field  in  which  every  en- 
gineer and  manufacturer  will  profit  most  by  the  general 
distribution  of  all  available  information. 

Recognizing  that  the  saturation  point,  so  to  speak,  of 
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the  country  for  motor  vehicles  depends  ultimately  upon 
the  amount  of  fuel  required  to  operate  the  average  ve- 
hicle, the  gain  of  20  to  40  per  cent  in  economy  which  may 
be  reasonably  expected  as  a  result  of  a  systematic  re- 
search program  represents  a  profit  to  the  industry  com- 
pared v^ith  which  the  cost  of  the  research  would  be 
totally  negligible. 

THE    DISCUSSION 

F.  C.  Mock: — If  we  are  discussing  the  problem  of 
fuel  economy  with  reference  to  fuel  consumption  in  this 
country  in  the  5  or  6  yr.  just  before  us,  it  is  obvious 
that  we  must  take  into  consideration  the  operation  of  en- 
gines already  built  or  those  which  will  be  built  within 
the  next  2  or  3  yr.,  according  to  present  or  older  de- 
signs. Improved  design  will  not  have  a  great  effect  upon 
the  general  fuel  consumption  of  the  country  for  several 
years. 

As  regards  tire  and  road  surface,  driving  gear  and 
friction  losses,  I  have  regularly  followed  the  practice  of 
estimating  the  power  required  to  drive  a  car  by  noting 
the  time  required  for  deceleration  while  coasting.  This 
time  of  deceleration  is  an  indication  of  the  road  and  me- 
chanical friction  of  the  car  per  unit  weight,  and  I  have 
been  surprised  to  note  that  a  great  many  different  cars, 
of  various  prices,  designs  and  ages,  after  the  first  2000 
miles  of  service,  all  seem  to  have  about  the  same  draw- 
bar pull  per  ton  weight,  either  coasting  with  a  free 
clutch,  or  with  clutch  in,  spark  off  and  throttle  wide- 
open.  This  would  indicate  that  the  friction  and  road 
losses  of  present-day  cars  in  use  do  not  vary  greatly. 
This  statement  does  not  apply  to  Fords. 

I  do  note  a  considerable  variation  in  the  rate  of  de- 
celeration with  clutch  in,  spark  off  and  throttle  open  to 
the  position  required  to  drive  the  car  at  20  miles  per  hr. 
on  a  smooth  road.  By  the  use  of  a  large  gear  reduction, 
such  as  is  common  practice  at  the  present  time  at  speeds 
of  average  driving,  there  is  a  high  vacuum  in  the  intake 
manifold  and  in  the  cylinder  during  the  intake  stroke. 
This  vacuum  is  about  7^^  to  8  lb.  per  sq.  in.,  and  on  the 
intake  stroke  gives  rise  to  lost  work.  The  mean  effective 
pressure  required  to  drive  the  car  at  average  speeds  on 
smooth  roads  must,  therefore,  be  just  that  much  higher. 
For  instance,  it  is  our  observation  that  a  3%  to  1  gear 
ratio  will  give  a  noticeably  lower  fuel  consumption  at 
ordinary  conditions  of  steady  driving  than  a  4%  to  1  gear 
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ratio.  As  an  instance  of  this,  we  have  found  that  to  pull 
a  certain  8^  by  5-in.  six-cylinder  car  of  4000  lb.  total 
weight  at  20  miles  per  hr.,  which  is  910  r.p.m.  of  its 
engine  on  high  gear,  requires  4.2  hp.  or  12.6  lb.  per  sq.  in. 
mean  effective  pressure  with  the  clutch  in  and  the  throttle 
at  the  position  corresponding  to  a  speed  of  20  miles  per 
hr.  on  a  smooth  road,  and  2.75  hp.  or  8.2  lb.  per  sq.  in. 
with  the  clutch  in  and  the  throttle  wide  open.  Note  the 
percentage  of  loss! 

High  gear  reductions  are  used  today  mainly  to  ensure 
flexibility  in  operation  of  the  car  at  low  speeds.  One  of 
the  reasons  why  this  low-gear  ratio  is  necessi^ry  is  that 
the  torque  of  many  of  our  engines  today  falls  off  badly 
below  600  and  sometimes  1000  r.p.m.  I  am  quite  sure 
that  if  our  engines  were  designed  so  that  the  torque  car- 
ried down  to  lower  speeds,  the  car  would  be  found  to 
operate  as  nicely  with  a  considerably  higher  gear  ratio, 
and  the  fuel  economy  would  be  considerably  improved. 

It  is  today  common  knowledge  that  the  ^difficulties  en- 
countered with  carburetion  are  almost  entirely  due  to 
the  fact  that  parts  of  our  fuels  wiU  not  and  cannot  take 
the  vapor  form  in  the  intake  manifold,  and  their  carriage 
and  distribution  to  the  cylinders  has  to  be  accomplished 
by  the  friction  of  the  air  carrying  along  the  liquid  drops 
and  a  film  of  liquid  over  the  manifold  walls.  The  dis- 
tribution of  this  liquid  part  of  the  fuel  is  erratic  and  un- 
certain, and  it  is  common  practice  to  adjust  the  carbureter 
so  that  enough  fuel  is  fed  to  furnish  a  combustible  mix- 
ture from  the  elements  which  do  vaporize  in  the  mani- 
fold. This  results  in  an  irregular  excess  feed  of  heavy 
elements  into  the  cylinders,  which  gives  a  heavy  carbon 
deposit,  fouls  spark-plugs,  destroys  the  valve  seats,  and, 
escaping  past  the  pistons,  interferes  with  the  lubrication 
of  the  engine. 

I  cannot  see  that  the  use  of  a  non-adjustable  car- 
bureter would  help  this  condition  in  any  way.  When  the 
engine  is  cold,  the  driver  must  have  a  rich  mixture  or  the 
engine  will  not  run  at  all,  and  whether  the  adjustment  is 
on  the  carbureter  or  on  the  dash  the  average  driver  will 
not  change  his  adjustment  to  follow  the  temperature. 
This  adjustment  dare  not  be  accomplished  automatically 
because  of  the  great  variation  in  the  volatility  of  the 
fuels  which  are  sold  in  different  parts  of  the  country  and 
even  in  the  same  town;  for  an  automatic  temperature 
regulation  which  would  be  right  for  a  heavy  fuel  would 
make  it  almost  impossible  to  operate  the  engine  on  a 
lighter  one. 
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I,  therefore,  believe  that  for  the  next  5  yr.  it  virould  be 
of  great  value  to  have  a  standard  lighter  grade  of  fuel 
which  could  be  used  on  engines  with  an  unheated  intake 
manifold,  or  in  the  winter  time  on  manifolds  that  are 
water-jacketed  or  receive  small  quantities  of  exhaust 
heat.  Engines  which  have  properly  proportioned  ''hot 
spots"  could  use  the  heavier  fuels,  as  could  engines  which, 
though  not  so  well  equipped,  operate  under  heavy  loads 
so  that  their  working  temperature  is  kept  up  to  a  point  of 
efficient  operation. 

F.  E.  Watts: — The  most  important  issue  raised  by 
Dr.  Dickinson's  interesting  paper  is  the  question  of  a 
joint  policy  as  to  fuel  development  and  sale  to  be  formu- 
lated by  the  automotive  and  oil  industries.  While  it  is 
probable  that  we  can  build  satisfactory  engines  to  use 
almost  any  fuel  if  we  know  far  enough  in  advance  what 
that  fuel  is  going  to  be,  we  are  at  present  working  prac- 
tically in  the  dark  and  guessing  at  the  future.  The 
spectacle  of  the  great  automotive  industries  drifting 
along  without  making  any  systematic  effort  to  settle  the 
fuel  question,  upon  which  their  continued  prosperity  de- 
pends,, is  appalling.  A  joint  committee  should  be  ap- 
I>ointed.  A  survey  should  be  made  of  the  world's  fuel 
resources.  A  list  of  available  fuels,  their  amounts  and 
their  properties,  should  be  published  8  and  preferably  5 
yr.  ahead  of  production.  If  this  is  done  we  can  develop 
engines  to.  use  these  fuels  economically.  All  other  phases 
of  the  question  become  relatively  unimportant  details 
compared  with  this. 

Dr.  Dickinson: — The  point  which  Mr.  Mock  makes 
regarding  the  effect  of  gear  ratio  on  fuel  economy  is  of 
particular  interest.  This  suggestion  indicates  that  the 
inherent  advantages  of  lower  friction  losses  due  to 
smaller  size  in  the  later  engine  designs  of  small  size  and 
relatively  high-gear  ratio  may  be  more  than  counter- 
balanced by  the  increased  pumping  losses  attending  the 
increase  in  gear  ratio.  This  illustrates  the  importance  of 
a  complete  analysis  of  each  of  the  elements  in  power 
loss.    > 

It  is  quite  true  that  the  best  fuel  adjustment  cannot  be 
obtained  with  a  non-adjustable  carbureter  design  under 
varying  conditions  of  temperature,  volatility  and  vis- 
cosity of  fuel;  nevertheless,  from  a  practical  point  of 
view  it  is  almost  certain  that  the  inherent  difficulties  in 
these  directions  could  be  overcome  sufficiently  to  permit 
satisfactory  carbureter  performance  under  all  reasonable 
conditions  without  adjustment  other  than  for  idling,  and 
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with  a  much  lower  fuel  consumption  than  is  now  secured 
in  practice.  While  this  may  not  be  true  for  all  existing 
carbureter  designs,  I  believe  that  only  minor  modifica- ' 
tions  would  be  required  to.  accomplish  the  desired  result 
with  any  of  the  successful  models.  For  instance,  some 
effective  means  of  temporarily  securing  much  more  com- 
plete atomization  without  increasing  the  mixture  ratio 
when  warming  up  an  engine  would  produce,  with  a  rela- 
tively small  loss  in  volumetric  efficiency,  the  same  result 
as  is  commony  produced  by  excessively  enriching  the 
mixture. 

Mr.  Mock's  suggestion  that  a  special  lighter  grade  of 
gasoline  be  supplied  for  use  in  less  modem  equipment 
would  offer  an  ideal  solution  from  the  point  of  view  of 
the  designer  and  user  of  motor  vehicles.  There  are,  how- 
ever, very  serious  objections  to  such  a  plan,  among  which 
are  the  fact  that  to  market  a  given  quantity  of  such 
special  gasoline  would  reduce  the  total  available  supply, 
and  the  demand  for  the  special  gasoline,  if  available,  even 
at  a  very  much  increased  price  would  be  very  large  be- 
cause of  the  added  comfort  and  convenience  in  its  use. 
The  net  result  would  be  a  marked  reduction  in  available 
fuel,  unless  there  is  a  corresponding  increase  in  the  equip- 
ment which  will  use  the  heavier  grades  of  fuel. 
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MEXICO  AS  A  SOURCE  OF  PETROLEUM 
AND  ITS  PRODUCTS 

By  R.  De  Golyer* 

MEXICO  achieved  second  place  among  the  petroleum- 
producing  nations  of  the  world  in  1918.  This  po- 
sition will  not  soon  be  relinquished,  judging  from  the 
study  made  by  the  author  of  the  two  general  regions 
from  which  petroleum  has  thus  far  come. 

The  Petroleum  Commission  of  the  Mexican  Govern- 
ment has  issued  statistics  covering  the  production  by 
years  since  the  industry  started.  It  is  confidently 
hoped  that  future  production  will  continue,  as  indicated, 
to  stop  the  gap,  constantly  increasing  and  critical,  be- 
tween production  and  consumption  in  the  United  States. 
A  section  of  the  paper  is  devoted  to  the  export  trade, 
especially  with  this  country,  which  furnishes  the  near- 
est great  market. 

M^ico,  with  its  production  of  approximately  67,000,- 
000  bbl.  in  1918,  apparently  achieved  second  place  among 
tha  petroleum-producing  natipns  of  the  world.  The 
United  States,  with  a  marked  production  of  some  345,- 
000,000  bbl.,  was  secure  in  first  place,  but  it  is  certain 
that  revolution-ridden  Russia  could  not  have  produced 
enough  of  its  normal  60,000,000  to  70,000,000  bbl.  to 
enable  it  to  retain  second  place. 

This  position,  now  gained  by  Mexico,  will  not  soon  be 
relinquished.  The  potential  production  since  1911,  the 
year  in  which  Mexico  became  an  exporter  of  petroleum, 
has  been  far  in  excess  of  the  actual  production,  which 
in  the  past  few  years  has  been  limited  by  the  serious 
tank  steamer  shortage  resulting  from  the  great  war. 
With  the  ending  of  the  war,  the  tankers  are  being  rapidly 
released  and  many  of  them  are  going  into  the  Mexican 
trade.  Production  for  the  present  year  is  likely  to  be 
greatly  in  excess  of  that  of  1918. 

There  are  two  general  regions  in  Mexico  from  which 
petroleum  has  been  produced — ^the  highly  important 
Tampico-Tuxpam  region  and  the  less  explored  Tebuan- 
tepec-Tabasco  region.  The  Tampico-Tuxpam  region, 
which  includes  the  section  of  the  Gulf  coastal  plain  ad- 
joining the  ports  of  Tampico  and  Tuxpam,  is  the  region 

K^onsulting  geologist,  New  York  City. 
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from  which  practically  the  entire  commercial  production 
of  Mexico  comes  at  the  present  time. 

The  fields  of  the  Tampico-Tuxpam  region  are  divided 
generally  into  two  groups — ^those  of  the  Panuco  River 
valley  region  and  those  of  the  southern  or  Tuxpam 
region.  The  fields  of  the  Panuco  River  valley  region, 
including  the  Panuco,  Ebano-Chijol,  and  Topila  pools, 
produce  heavy  viscous  petroleum  of  10  to  13  deg.  Baum§ 
gravity  which  are  used  principally  in  their  crude  state 
as  fuel  oils.  The  fields  of  the  Tuxpam  zone,  including 
Potrero  del  Llano,  Casiano-Tepetate,  Cerro  Azul,  Los 
Naranjos,  Alamo,  and  Furbero  pools,  produce  lighter 
petroleums  of  19  to  22  deg.  Baum6  gravity  which  are 
the  Mexican  petroleums  used  generally  for  refining 
purposes. 

Approximately  69  per  cent  of  the  petroleum  produced 
in  Mexico  in  1917,  the  last  year  for  which  detailed  statis- 
tics are  as  yet  available,  was  of  this  grade,  and  31  per 
cent  was  of  the  heavier  Panuco  grade.  The  proportion 
of  the  lighter  crude  was  probably  even  greater  in  the 
production  of  the  past  year.  Of  the  1917  Mexican  pe- 
troleum production,  some  77.6  per  cent  was  exported. 
Exi>orts  for  the  past  year  show  an  even  greater  per- 
centage and  will  increase  as  the  Mexican  production 
increases.  Of  the  petroleum  remaining  in  the  country 
during  1917,  the  equivalent  of  5.2  per  cent  of  the  total 
production  represents  fuel  consumed  by  the  Mexican  rail- 
ways and  1.5  per  cent  represents  petroleum  consumed 
principally  as  fuel  in  the  industry  itself.  The  remain- 
ing 15.5  per  cent  of  the  total  production  includes  petrol- 
eum and  products  consumed  in  Mexico,  refining  losses, 
increase  in  storage,  if  any,  etc. 

Export  Trade  with  the  United  States 

The  United  States  is  the  greatest  single  market  for 
Mexican  petroleum.  In  spite  of  limited  transportation . 
facilities  during  1917  because  of  tanker  shortage,  the  * 
United  States  took  petroleum  and  products  from  Mexico 
equal  to  65.9  per  cent  of  its  entire  production.  Other 
nations  took  11.7  per  cent.  The  imports  of  crude  pe- 
troleum, distillates,  and  various  refined  products  from 
Mexico  to  the  United  States  during  that  year  were  equal 
to  more  than  10  per  cent  of  the  entire  production  of  the 
United  States  in  its  banner  year,  thd  one  just  past. 

The  benefits  resulting  from  this  condition  are  recip- 
rocal.    The  United  States  profits  by  getting  the  pe- 
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troleuih,  and  Mexico,  by  the  nearness  of  a  great  market 
where,  as  a  result  of  experience  acquired  from  the 
utilization  of  its  own  immense  petroleum  supplies,  Ameri- 
can industries  are  accustomed  to  the  use  of  petroleum  and 
its  products  to  an  extent  not  equaled  in  any  other  country 
of  the  world. 

It  has  been  noted  that  the  potential  production  of 
Mexico  is  f^r  in  excess  of  its  actual  production.  It  is 
estimated  that  the  total  capacity  of  wells  already  com- 
pleted in  Mexico  is  more  than  1,000,000  bbl.  per  day.  In 
other  words,  if  the  petroleum  c6uld  be  taken  care  of, 
so  that  all  the  welld  could  be  opened  at  once,  the  rate  of 
production  woilld  be  some  eight  to  ten  times  the  actual 
present  rate.  This  potential  production  is  slightly 
greater  than  the  present  actual  production  of  the  United 
States.  The  comparison  is  likely  to  mislead,,  however, 
unless  it  is  remembered  that  the  production  of  the  United 
States  is  an  actual  proved  production  and  can  be  main- 
tained for  some  time  by  drilling  up  proved  areas, 
whereas  to  maintain  the  actual  production  Of  Mexico  for 
a  year  at  its  potential  capacity  would  undoubtedly  req'uire 
the  discovery  of  new  fields. 

We  have  been  so  impressed  by  the  unprecedented  size 
of  some  of  the  Mexican  gushers  and  by  their  continued 
production  of  large  quantities  of  petroleum  over  long 
periods  of  time  without  any  appreciable  decline  in  amount 
of  petroleum  produced  daily  or  in  field  pressures  that  we 
have  perhaps  overestimated  the  total  amount  of  petroleum 
to  be  secured  from  any  single  pool.  The  explanation  of 
the  great  gushers  seems  to  lie  in  the  very  great  porosity 
of  the  rock  in  which  the  petroleum  occurs.  It  collects 
in  a  network  of  caves  and  channels  previously  dissolved 
out  of  a  bed  of  very  thick  limestone  by  the  action  of 
water.  This  condition  allows  the  petroleum  to  move 
about  very  freely  while  still  underground.  Furthermore, 
the  petroleum  generally  lies  over  water  under  an  artesian 
head  and  as  a  consequence  the  field  pressure  is  largely 
hydrostatic  rather  than  gas  pressure,  which  in  most  oil 
fields  is  the  expulsive,  force  causing  the  oil  to  flow. 
Effectively,  the  result  of  these  conditions  seems  to  be 
that  in  Mexico  there  are  deposits  of  petroleum  which 
can  be  exhausted  with  a  single  well,  whereas  a  deposit 
of  the  same  size  under  different  conditions  of  occurrence 
would  require  hundreds  if  not  thousands  of  wells  to 
exhaust  it.  For  comparative  purposes  it  might  be  noted 
that  there  are  two  wells  in  Mexico,  Potrero  del  Llano 
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No.  4  and  Juan  Casiano  No.  7,  either  of  which  has 
produced  more  petroleum  than  any  single  field  along  the 
Gulf  Coast  of  the  United  States,  while  the  production 
of  the  biggest  fields  of  the  Gulf  Coast  has  come  from 
hundreds,  if  not  thousands,  of  wells,  in  each  instance. 
The  gusher  condition  in  Mexico  seems  to  indicate  ease 
in  exploiting  rather  than  such  abnormally  large  pools 
as  have  been  inferred  from  the  great  size  of  the  gushers 
encountered. 

Development  Since  1910 

Until  1910  both  the  actual  and  the  potential  production 
of  Mexico  were  almost  insignificant;  in  fact,  not  great 
enough  to  supply  the  domestic  trade  of  Mexico  itself. 
Petroleum  was  imported  from  the  United  States  and 
refined  at  the  Minatitlan  plant  of  the  Mexican  Eagle 
Oil  Co.  and  the  Tampica  plant  of  the  Waters-Pierce  Oil 
Co.  Small  amounts  of  petroleum  were  produced  at  Fur- 
bero  and  in  the  Isthmus  of  Tehuantepec  and  refined  by 
the  Mexican  Eagle  Oil  Co.  at  Minatitlan.  A  small  amount 
of  very  heavy  petroleum  produced  at  Ebano  by  the 
Mexican  Petroleum  Co.  was  being  topped  in  a  small  field 
plant.  The  distillate  was  sent  to  the  Tampico  refinery 
for  further  treatment  and  the  residue  made  into  asphalt 
or  used  as  fuel  on  the  Mexican  railways.  The  highly 
important  Dos  Bocas  and  Casiano  fields  had  been  dis- 
covered, but  Dos  Bocas  had  been  lost  by  fire  and  the 
discovery  wells  in  the  Casiano  field  had  fallen  off  in 
production  until  there  was  some  doubt  whether  they 
would  be  able  to  supply  enough  petroleum  to  run  the  pipe 
line  then  under  construction  to  Tampico. 

During  1910,  hoi^ever^  the  Potrero  and  Tanhuijo  fields 
werd  discovered  and  Potrera  No.  4,  which  has  since 
produced  more  than  100,000,000  bbl.  of  petroleum,  was 
brought  in.  Juan  Casiano  No.  7,  with  a  record  second 
only  to  that  of  Potrero  No.  4»  was  completed  and  the  dis- 
covery well  in  the  Panuco  field  was  brought  in. 

The  potential  production  of  Mexico  thus  became  so 
great  that  she  had  petroleum  far  in  excess  of  her  own 
requirements — ^far  in  excess  of  the  capacity  of  transpor- 
tation systems  reaching  tidewater  and  thus  making  the 
petroleum  available  for  export.  This  condition  has  been 
permanent  since  that  time,  sa  that  today  the  developed 
production  of  Mexico  is  greater  than  can  be  carried  to 
tidewater  by  her  rapidly  developing  pipe-line  systems 
or  river-barging  equipment.    Even  if  the  entire  present 
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production  could  be  got  to  tidewater,  it  is  doubtful 
whether  there  are  enough  ships  available  to  distribute 
it  to  the  world  markets  or  whether  the  markets  could 
immediately  absorb  it.  Great  fleets  of  tank  steamers  to 
carry  Mexican  petroleum  have  been  built  by  the  Eagle 
Transport  Co.,  Ltd.  (British),  and  the  Petroleum  Trans- 
port Go.  (American),  controlled  by  the  Pearson  and 
Doheny  interests  respectively,  the  foremost  producers  of 
Mexican  petroleum. 

The  members  of  this  Society  are  doubtless  particularly 
interested  in  estimates  of  the  future  petroleum  supply 
which  can  be  expected  to  come  from  Mexico.  The  future 
of  supply  rather  than  the  past  is  of  greater  interest  to 
prospective  consumers. 

Estimating  petroleum  reserves  is  under  the  best  of 
conditions  a  somewhat  uncertain  business.  There  was 
the  old  method  of  calculating  the  oil  content  of  a  field 
or  property  from  the  thickness  and  porosity  of  the 
oil-bearing  rock.  The  estimate  so  secured  was  modified 
by  a  safety  factor  of  20  to  60  per  cent  to  cover  petroleum 
which  could  not  be  mined,  and  on  the  resultant  guess  was 
based  the  best  estimate  as  to  petroleum  reserves.  The 
correctness  of  such  a  form  of  estimate  depends  largely 
upon  a  felicitous  selection  of  the  safety  factor. 

We  do  a  little  better  now  perhaps  by  estimating  the 
probable  production  of  wells  to  be  drilled  or  the  reserve 
remaining  in  wells  already  producing  by  comparison  with 
the  production  of  average  wells  in  the  same  or  in  similar 
fields.  Such  a  study  involves  the  construction  of  produc- 
tion curves,  the  various  points  on  a  curve  being  de- 
termined by  plotting  the  amounts  produced  from  a  single 
well  or  an  average  well  as  the  ordinates,  with  the  fixed 
units  of  time  in  which  produced,  arranged  consecutively, 
as  the  abscissas.  Data  for  the  construction  of  such  a 
graph,  to  be  of  any  value,  must  show  the  changes  in  the 
amount  of  unrestricted  production  of  a  given  well  or 
average  well  during  various  units  of  time. 

We  can  make  estimates  of  reserves  in  the  Mexican 
fields  by  neither  method.  We  have  no  data  as  to  thick- 
ness or  porosity  of  the  petroleum-producing  formations 
and  consequently  cannot  use  the  volumetric  method.  The 
bulk  of  petroleum  from  Mexico  has  come  from  wells  of 
such  size  that  only  the  production  from  a  restricted  flow 
could  be  utilized.  Production  curves  constructed  on  such 
artificially  restricted  data  as  are  available  under  these 
conditions  would  be  almost  valueless.    Nevertheless,  we 
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can  make  a  rough  guess  as  to  the  fields  already  producing 
in  Mexico.  It  seems  fair  to  assume,  on  the  basis  of  past 
performances,  that  the  fields  already  producing  in  Mexico 
indicate  what  one  might  call  a  blocked-out  reserve  of 
from  half  billion  to  a  billion  barrels  of  crude  petroleum. 

Geologic  conditions  indicate  that  other  petroleum  fields 
of  greater  importance  than  those  now  known  will  yet 
be  discovered  in  Mexico.  So  far  as  exploratory  drilling  is 
concerned,  the  petroleum  regions  have  been  but  scratched. 
Not  more  than  1000  wells  have  been  drilled  in  all  of 
Mexico  since  the  earliest  attempt  to  discover  petroleum. 
Included  in  this  are  a  great  number  of  wells  drilled  for 
exploitation  purposes  in  fields  already  discovered,  and  a 
number  of  wells  drilled  in  Tabasco,  the  Isthmus  of  Te- 
huantepec  region  and  various  outlying  regions. 

Remarkably  few  wells  are  being  drilled  in  Mexico  when 
one  considers  the  amount  of  petroleum  produced.  Ac- 
cording to  official  statistics,  seventy-nine  wells  were 
drilled  in  1917,  and  of  them  forty-three  were  productive, 
with  an  estimated  initial  output  of  235,027  bbl.,  and 
thirty-six  were  dry  holes  and  abandoned.  Bardone  of 
the  Oil  and  Gas  Journal,  estimates  that  twenty-three  wells 
were  completed  in  the  first  half  of  1918,  twelve  of  them 
being  producers,  with  an  estimated  initial  production  of 
850,000  bbl.  For  comparative  purposes,  it  might  be 
noted  that  1117  wells  were  completed  in  Kansas  and  Okla- 
homa in  the  single  month  of  July,  1918.  These  success- 
ful wells  have  been  in  proved  pools  with  the  single  excep- 
tion of  Molina  No. '2,  which  was  drilled  during  the  latter 
part  of  1917  and  which  was  the  discovery  well  of  a  new 
field. 

The  greatest  needs  of  the  Mexican  petroleum  industry 
at  the  present  time  are  scmie  relief  from  the  continually 
increasing  taxes,  which  are  apparently  designed  to  be 
confiscatory,  and  some  degree  of  safety  in  the  petroleum- 
producing  regions  in  order  that  much  needed  drilling  of 
an  exploratory  nature  may  be  carried  on. 

The  use  of  Mexican  crude  petroleum  in  internal-com- 
bustion engines  has  not  yet  passed  beyond  the  experi- 
mental stage,  but  more  and  more  crude  petroleum  is 
being  refined  for  its  light  oil  products  and  this  forms  an 
increasingly  important  addition  to  the  world's  supply  of 
engine  fuel.  The  Mexican  Eagle  Oil  Co.,  Ltd.,  has  re- 
fineries at  Minatitlan  and  Tampico  and  a  topping  plant  at 
Tuxpam.  The  Waters-Pierce  Oil  Co.  has  refineries  at 
Vera  Cruz  and  Tampico.   The  Standard  Oil  Co.  of  New 
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Jersey  has  a  refinery  at  Tampico.  The  Texas  Co.  has 
topping  plants  at  Port  Lobos  and  Tampico.  The  Doheny 
interests  have  a  topping  plant  at  Tampico  and  an 
asphalt  plant  at  Ebano.  The  Atlantic  Refining  Co. 
has  a  topping  plant  at  Port  Lobos. 

Only  the  19  to  20  deg.  Ba.um4  petroleums  of  the  Tux- 
pam  region  are  refined  in  quantity  in  Mexico.  All  of 
the  refineries  and  topping  plants  run  it  except  the 
Tampico  plant  of  the  Texas  Co.,  which  tops  some 
Panuco  crude,  the  Ebano  asphalt  plant  which  runs 
Ebano  crude,  and  the  Tampico  refinery  of  the  Waters- 
Pierce  Oil  Co.,  which  runs  a  very  small  amount  of 
Topilo  crude  besides  much  greater  amounts  of  Tepe- 
tate-Casiano,  Naranjos  and  Potrero  crudes. 

Panuco  crude  is  used  mostly  for  fuel  purposes.  It  is 
so  viscous  that  after  the  very  small  light  oil  fraction 
has  been  removed,  the  residue  can  be  handled  only  with 
the  greatest  difficulty  and  by  specially  designed  equip- 
ment. Panuco  crude  is  imported  to  the  United  States 
and,  after  being  mixed  with  Gulf  Coast  crudes,  is  suc- 
cessfully refined.  One  American  refinery  is  reported 
to  crack  Panuco  crude,  thus  securing  12  to  16  per  cent 
of  gasoline  or  engine  fuel. 

The  greatest  possibilities  for  future  extended  uses 
of  Mexican  petroleum  seem  to  lie  either  in  the  further 
perfection  and  more  widespread  development  of  inter- 
nal-combustion engines  using  very  heavy  oils  as  fuel, 
or  in  an  improvement  of  refining  methods  by  which 
heavy  oils  can  be  more  easily  converted  into  lighter 
oil.  It  is  likely  that  both  methods  will  be  utilized.  In 
the  past  several  years  the  continued  development  and 
widespread  use  of  internal-combustion  engines  has 
created  such  a  demand  for  fuel  that  it  has  been 
supplied  only  by  great  efforts  on  the  part  of  the 
producer  and  refiner  of  petroleum.  Fortunately  for 
the  petroleum  industry,  this  demand  has  set  the  mark 
and  the  internal-combustion  engine  has  not  waited  to 
be  assured  of  a  source  of  supply  for  a  fixed  number  of 
years  in  advance. 

As  to  the  great  advantage  of  the  use  of  Mexican 
petroleum  in  internal-combustion  engines  over  its  use 
as  fuel  for  boiler  installations  there  can  be  no  doubt. 
In  this  connection,  one  can  hardly  do  better  than  quote 
from  a  recent  paper  by  Lord  Cowdray,  head  of  the  Mexi- 
pan  Eagle  Qil  Co.,  Ltd.,  and  affiliated  organizations : 
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It  shonld  be  stated  that  Mexican  oil,  especially  refined 
for  use  in  Diesel  engines,  is  now  available  for  motor- 
ships.  .It  is  possible  that  the  subject  of  internal-com- 
bustion engines  for  ships  has  been  discussed  with  an  ex- 
cess of  optimism  and  led  to  expectations  that  have  not 
yet  been  fully  realized,  but  the  most  conservative  ob- 
server cannot  fail  to  be  impressed  by  the  solid  progress 
already  made  in  this  direction,  and  the  utility  of  the 
oil  engine  for  moderilte-sized  vessels  seems  to  be  soundly 
established.  The  primary  advantage  is  disclosed  in  the 
following  figures,  giving  approximately  the  comparative 
consumption  by  main  and  auxiliary  machinery  for  vari- 
ous types  of  marine  propulsion. 

Lb.  of  fuel 
per  hp.-hr. 

Steam  engine,  coal-fired 1.60 

Steam  turbine,  coal-fired  1.30 

Steam  engine,  oil-fired  1.00 

Steam  turbine,  oil-fired 0.82 

Oil  engines   ..1 0.60 

It  will  be  seen  that  the  oil  engine  can  claim  the  low- 
est consumption;  the  vessel's  radius  is  considerably  in- 
creased. These  are  factors  which  will  inevitably  insure 
a  great  future  for  motorships,  and  the  provision  of  fuel 
supplies  on  an  ample  scale  will  accelerate  their  progress. 

Year  Bbl.        Metric  tons 

1901  10,345  1,644 

1902 40,200  6,000 

1903 75,375  11,260 

1904 125,625  18,760 

1906  251,250  37,500 

1906 602,500  75,000 

1907 1,006,000         160,000 

1908 3,982,900         587,000 

1909  2,713,600         405,000 

1910  3,634,080         642,400 

1911  12,652,798  1,873,662 

1912 16,658,216  2,471,376 

1918  25,696,291  3,836,267 

1914  26,235,403  3,916,732 

1916 32,910,508  4,912,016 

1916  40,645,712  6,069,689 

1917 55,292,770  8,264,266 

1918  (estunated)    67,000,000  10,000,000 

Total   289,082,472    43,166,241 

Statistics  covering  the  production  of  petroleum  by 
years  since  the  beginning  of  the  industry  have  recently 
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been  made  public  by  the  Petroleum  Commission  of  the 
Mexican  Government.  They  show  the  past  history  of 
Mexican  petroleum  and  indicate  prospects  for  future 
increases  in  production  better  than  can  be  done  in  any 
other  manner. 

It  is  confidently  hoped  that  the  future  production 
of  the  Mexican  fields  will  bear  out  fully  the  continued 
increase  in  amount  indicated  by  the  foregoing  figures 
and  that  it  will  stop  the  constantly  increasing  and  ex- 
tremely critical  gap  between  production  and  consump- 
tion in  the  United  States. 


FIXED  RADIAL  CYLINDER  ENGINES 

By  John  W.  Smith^ 

DURING  the  first  two  years  of  the  war  the  author 
conducted  in  England  experimental  work  for  the 
British  Government  on  the  engine  he  describes.  After 
brief  mention  of  V-type  water-cooled  engines  and  the 
general  situation  as  regards  revolving  air-cooled  and  ra- 
dial water-cooled  types,  the  discussion  is  narrowed  to 
two  distinct  designs  of  fixed  radial  air-cooled  engine, 
both  of  which  have  been  tried  out  and  seen  some  service. 

The  fundamentals  in  which  fixed  radial  air-cooled 
engines  give  promise  of  excelling  are  weight  of  power- 
plant  per  horsepower,  the  fuselage  mounting  and  space 
required  being  duly  considered;  reliability  and  durabil- 
ity; fuel  and  oil  consumed  per  horsepower-hour;  stream- 
line mounting,  with  armor,  if  desired;  quick  detachabil- 
ity  of  powerplant;  accessibility,  and  freedom  from  cer- 
tain inherent  difficulties  peculiar  to  water-cooled  engrines. 
As  these  several  matters  are  discussed  many  points  are 
brought  out  to  show  the  details  of  modem  construc- 
tion, shop  practice  under  certain  difficulties,  the  new 
roller  bearing,  a  connecting-rod  layout,  British  figures 
on  fuel  consumption,  mounting  advantages  and  disad- 
vantages, and  cooling  construction  problems. 

It  is  assumed  that  an  engine  possessing  the  inherent 
advantages  claimed  will  be  further  perfected  and  come 
into  wide  use. 

This  article  will  treat  chiefly  of  fundamental  charac- 
teristics, the  sum  of  which  is  a  measure  of  the  real 


^Designer  of  fixed  radial   airplane  engrines,  Philadelphia,   Pa. 
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value  of  an  airplane  engine.  Detail  comparison  will  not 
be  attempted. 

With  the  experience  gained  from  the  war,  we  find 
Great  Britain  keenly  interested  in  the  fixed  radial  cylin- 
der, air-cooled  engine.  She  has  taken  the  lead  in  the 
development  of  this  type,  has  spared  no  expense,  and 
has  demonstrated  its  merits  for  aviation  to  her  own  satis- 
faction. It  is,  I  believe,  only  a  question  of  time  before 
this  engine  will  be  sufficiently  well  known  to  cause  Amer- 
ica to  turn  her  attention  to  it. 

The  V-type  water-cooled  engine  has  been  fully  de- 
veloped and  the  Liberty  engine  represents,  perhaps,  the 
last  word  in  the  development  of  this  type.  It  is  my  be- 
lief that  the  future  has  little  in  store  that  will  greatly  im- 
prove it.  The  V-engine  was  developed  largely  by  the 
automobile  industry  and  is  in  effect,  and  quite  nat- 
urally, built  largely  along  automobile  lines.  It  is,  how- 
ever, lacking  in  certain  desirable  characteristics,  which 
if  they  can  be  realized  mean  a  much  improved  airplane 
powerplant. 

The  revolving  air-cooled  engine,  like  the  V-type  water- 
cooled  type,  has  been  fully  developed,  and  most  if  not 
all  of  its  possibilities  have  been  realized,  while  its  disad- 
vantages are  well  understood.  At  present  the  United 
States  and  Great  Britain  are  both  ready  to  discontinue 
the  use  of  the  rotating  air-cooled  engine  because  of  cer- 
tain inherent  disadvantages ;  therefore,  neither  this  type 
nor  the  radial  water-cooled,  will  be  discussed  at  length. 
It  is  my  belief  that  while  the  radial  water-cooled  engine 
may,  when  properly  developed,  be  an  improvement  over 
the  V-type  water-cooled  unit,  it  will  still  be  much  heavier 
than  the  radial  air-cooled  type. 

At  the  present  time  there  are  two  distinct  designs  of 
fixed  radial  air-cooled  engine.  Both  have  been  tried  out 
by  the  British  Government  and  have  seen  some  service. 

I  was  in  England  the  first  two  years  of  the  pres- 
ent war,  conducting  experiments  for  the  British  Gov- 
ernment on  a  fixed  radial  air-cooled  engine.  From  the 
information  gained  as  a  result  of  my  own  experiments, 
together  with  the  development  work  of  others,  I  am  con- 
vinced that  the  fixed  radial  air-cooled  engine  will  excel  in 
each  of  the  following  fundamentals: 

(1)  Weight  of  powerplant  per  horsepower,  the  fuselage 
mounting  and  space  required  being  duly  considered 

(2)  Reliability  and  durability 

(3)  Fuel  and  oil  consumed  per  horsepower-hour 
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PiQ.  1 — Front  and  Rear  Views  op  Ten-Cylindhr  200-Hp.  Smith- 
Fixed  Radial  Engine 

(4)  Streamline  mounting:,  with  armor,  if  desired 
{b)  Quick  detachability  of  powerplant,.and  accessibility 
(6)  Freedom  from  certain  inherent  difficulties  peculiar 
to  water-cooled  engrines 

Weight  of  Powerplant 

There  is  a  great  deal  of  confusion  about  comparing 
weights  of  engines.  It  is  customary  to  refer  to  the  weight 
of  the  water-cooled  engine  by  giving  the  weight  dry, 
which  omits  the  weight  of  the  water  and  radiator.  A  fair 
comparison  of  weight  should  include  the  entire  power- 
plant  mounted  in  the  fuselage  with  sufficimt  fuel  and 
oil  for  some  hours  of  operation.  The  water-cooled  engine 
requires  more  fuselage  space  and  in  addition  elaborate 
sheet-metal  casing  and  exhaust  piping  to  complete  the 
powerplant.  The  mounting  of  a  nine  or  ten-cylinder 
radial  air-cooled  engine  shows  a  saving  in  weight  over 
the  water-cooled,  when  all  elements  are  included.  If  the 
entire  powerplant  is  included  in  giving  the  weight  of  the 
water-cooled  engine,  it  will  be  found  that  the  lightest 
water-cooled  type,  which  is  probably  the  Liberty  engine, 
will  weigh  over  2.7  lb.  per  hp.  for  the  400-hp.  size  as  in- 
stalled in  the  airplane.  Smaller  water-cooled  engines  will 
weigh  8V^  lb.  or  more  per  hp.  The  English  Rolls-Royce 
800-hp.  engine  weighs  SV2  lb.  per  hp. ;  weights  made  up  as 
follows:  Engine  860  lb.,  radiator  and  water  167  lb.,  ex- 
haust pipes  88  lb.;  a  total  of  1050  lb.,  or  SV2  lb.  per  hp. 

Fig.  1  shows  a  200-hp.,  ten-cylinder  radial  air-cooled 
engine  of  4  17/82-in.  bore  and  6^ -in.  stroke,  whicl) 
weighs  less  than  1.8  lb.  per  b.hp.,  installed.  A  400-hp.  ten- 
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cylinder  engine,  which  is  illustrated  in  Fig.  2,  has  5V^-in. 
bore  and  6^-in.  stroke,  and  an  estimated  weight  of  .1.8 
lb.  per  b.hp.  The  nine-cylinder  engine,  Fig.  8,  has  6%-in. 
bore  and  6%-in.  stroke,  and  is  said  to  develop  810  hp.  and 
weigh  640  lb.,  or  2.06  lb.  per  b.hp. 

It  will  thus  be  seen  that  the  fixed  radial-type  engine 
has  a  weight  advantage  of  fully  0.6  lb.  per  hp.  over  the 
water-cooled  type,  and  it  can  be  designed  to  have  a 
much  greater  advantage. 

Reliability,  Durabiltty  and  Balancino 

The  construction  of  the  fixed  radial  engine  makes  for 
reliability,  because  of  its  simplicity  and  compact  design. 
The  English  have  developed  the  roller  bearing  to  a  point 
where  it  is  practically  infallible  for  crankshaft  and  con- 
necting-rod applications.  This  is  applied  to  the  nine- 
cylinder  engine,  as  well  as  to  the  engine  shown  in  Fig. 
8.   A  simple  oiling  system  is  adaptable  to  an  all  roller 


PlO.      2 LiATBRAL     SkCTION     OF     400-HP.      SMITH      FiXBD     Ria>lAL 
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ing  friction  is  less  with  roller-type  bearings  than  with 
plain  bearings. 

Official  British  reports  on  the  ten-cylinder  engine,  Fig. 
2,  have  credited  it  with  a  fuel  consumption  of  less  than 
0.60  lb.  per  b.hp.-hr.,  and  oil  consumption  of  less  than 
0.02  lb.  per  b.hp.-hr.  I  understand  that  the  nine-cylinder 
engine  uses  less  than  0.45  lb.  of  fuel  per 
b.hp.-hr.  This  consumption  compares  fa- 
vorably with  that  of  the  best  wator- 
cooled  engines.  There  is  no  question 
about  low  oil  consumption  for  the  fixed 
radial  engine,  because  of  the  compact 
disposition  of  parts,  and  the  fact  that 
only  roller-bearings  are  employed. 


I 


/ 


Pia.   4 — FusBLAOB  MouNTiNa  OF  Fixed  Radial 
Cylinder  Engine 

Admitting  these  facts,  it  is  readily 
seen  that  the  fixed  radial  type  of  engine 
does  excel  in  respect  to  fuel  and  oil 
economy. 

SxREABiLINE    MoUNTINQ 

In  the  course  of  considerable  develop- 
ment work  on  both  wood  and  steel  propellers,  with  the  ob- 
ject of  increasing  their  efficiency,  I  have  found  that  near 
its  center  the  work  done  by  the  propeller  is  negative;  that 
is,  the  work  done  on  the  air  in  this  region  is  greater  than 
the  work  resulting  in  thrust.  This  is  due  largely  to  the 
relatively  poor  aerofoil  section  required  for  structural 
reasons.    The  difference  of  pressure  of  the  air  before 
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and  after  it  is  acted  upon  by  the  propeller  causes  an  eddy 
near  the  center  of  the  propeller,  and  this  tends  to  in- 
crease the  negative  work  further.  It  is,  therefore,  im- 
portant to  prevent  circulation  of  this  air  near  the  center, 
and  this  can  be  done  by  a  proper  propeller  cap,  as  illus- 
trated in  Fig.  4  for  fuselage  mounting,  or  Fig.  5  for 
wing  mounting.  In  the  case  of  a  well- 
designed  propeller  now  being  extensively 
used,  the  thrust  resulting  from  that  part 
of  the  propeller  with  a  20-in.  radius  was 
found  to  be  less  than  5  per  cent  of  the 
total  available  at  the  normal  speed,  while 
the  negative  work  done  by  the  same  part 
is  such  as  to  result  in  a  net  loss,  which 


Fig.  5 — ^Wino  Mounting  .op  Pixbd  Radial 
Cylindsr  ENGim 


can  be  decreased  by  a  proper  cowling  for- 
ward and  back  of  the  propeller.  Within 
this  space  a  radial  engine  can  easily  be 
mounted  in  such  a  way  as  to  result  in 
no  loss,  and  probably  in  a  net  gain  in 
reduced  parasitic  resistance.  Hence  the 
radial-t3rpe  engine  does  not  suffer  by 
comparison  with  other  types  in  this  respect.  In  fact,  the 
water-cooled  powerplant,  with  radiator  and  fuel  tank, 
cannot  be  as  efficiently  streamlined  as  can  the  ten-cylinder 
fixed  radial  type.  Fig.  5  shows  wing  mounting  for  a 
400-hp.  ten-cylinder  fixed  radial  powerplant  with  ample 
space  for  fuel  and  oil  tank. 
It  is  very  interesting  to  compare  the  V-type  engine  and 
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the  fixed  radial  engine,  both  mounted  in  the  fuselage. 
The  water-cooled  engine  shows  an  extremely  complicated 
mounting  in  comparison  with  the  fixed  radial.  The  water- 
cooled  engine  may  be  termed  the  fore-and-aft  type,  and 
the  fuselage  is  practically  built  around  the  engine,  of 
which  it  virtually  becomes  a  part.  This  results  in  relative 
inaccessibility.  Fig.  4  shows  the  fixed  radial  engine 
properly  installed  in  a  streamline  mounting.  By  removing 
two  bolts  the  front  portion  of  the  casing  can  be  removed, 
exposing  the  engine  for  inspection.  Any  necessary  ad- 
justments can  readily  be  made,  and  cylinders  and  pistons 
easily  removed  and  valves  ground,  without  interfering 
with  the  installation  as  a  whole.  The  entire  power- 
plant  can  be  removed,  if  desired,  by  releasing  four  bolts 
and  disconnecting  the  fuel  and  oil  pipes,  there  being  no 
troublesome  water  connections  to  interfere. 

The  steel  shell  in  which  the  engine  is  mounted  can  also 
be  made  of  armor-plate,  thus  protecting  it  without  add- 
ing excessive  weight.  These  surely  are  points  of  super- 
iority not  to  be  overlooked. 

COOLINQ 

It  is  admitted  that  the  cooling  of  a  fixed  radial-type 
engine  presents  some  serious  problems.  These  are,  how- 
ever, by  no  means  insurmountable,  and  most,  if  not  all 
of  them,  are  believed  to  have  been  solved  in  the  ten- 
cylinder  fixed  radial  engine  shown  in  Fig.  2,  which  is  in- 
ternally cooled.  The  cooling  air  is  admitted  to  the  crank- 
case,  and  forced  up  against  the  pistons.  The  exhaust- 
valves  are  also  cooled  by  contact  with  the  cold  entering 
charge  which  passes  through  them.  This  internal  cool- 
ing system  makes  it  possible  to  mount  the  engine  in  an 
enclosed  steel  shell  which  is  simply  a  continuation  of  the 
fuselage.  The  nine-cylinder  engine  referred  to  has  no 
facilities  for  internal  cooling.  It  is,  therefore,  not  in- 
stalled inside  a  streamline  shell.  To  cool  the  nine-cylin- 
der engine  properly  at  least  one-third  of  the  cylinders 
are  placed  in  the  slip-stream  of  the  propeller.  This  neces- 
sitates small  exhaust  pipes  to  prevent  hot  oil  from  reach- 
ing the  pilot. 

The  disadvantages  of  a  water-cooled  powerplant  for 
both  military  and  non-military  uses  are  so  obvious  that 
it  is  not  necessary  to  compare  in  detail  the  advantages  of 
the  fixed  radial  air-cooled  type,  further  than  to  suggest 
that  it  is  easier  to  control  the  cooling  air  on  the  ten- 
cylinder  powerplant  shown  in  Fig.  2  than  it  is  to  prevent 
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the  water  from  freezing  in  the  case  of  a  water-cooled 
powerplant,  and  to  point  out  that  it  is  easier  to  provide 
a  supply  of  cooling  air  to  an  air-cooled  design  than  it  is 
to  maintain  a  non-leaking  water  system. 

Conclusion 

If,  then,  the  fixed  radial  air-cooled  powerplant  for 
aeronautic  use  possesses  so  many  advantages,  it  is 
natural  to  inquire  why  it  has  not  seen  wider  application. 
The  reason  for  this  is  quite  obvious  to  those  who  are 
familiar  with  conditions  that  have  existed  during  the 
war.  The  water-cooled  V-type  engine  was  a  known  fac- 
tor. While  the  perfection  of  a  water-cooled  engine  suit- 
able for  quantity  production  presented  many  problems, 
as  those  who  were  instrumental  in  developing  the  Lib- 
erty engine  will  readily  admit,  it  was  quite  properly  felt 
that  these  were  easier  and  more  certain  of  rapid  and  defi- 
nite solution  than  were  the  problems  involved  in  the  fixed 
radial  air-cooled  type.  These  circumstances,  and  the  fact 
that  this  country  was  faced  with  a  serious  military  prob- 
lem which  required  prompt  and  certain  solution,  made  it 
most  advisable  to  follow  the  course  which  was  adopted. 
However,  now  that  the  war  is  over,  and  there  is  more 
time  for  normal  development,  is  it  pot  fair  to  assume 
that  an  engine  possessing  the  inherent  advantages  pointed 
out  in  this  paper  will  be  perfected  and  see  wide  use?  It 
is  my  belief  that  this  question  will  be  answered  in  the 
afilrmative. 
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PROBLEMS  OF  THE  NAVAL  AIRCRAFT 
FACTORY  DURING  THE  WAR 

By  Commander  F.  G.  Coburn,^  U.  S.  N. 

THE  Navy  Department  established  the  Naval  Air- 
craft Factory  (a)  to  assure  a  part,  at  least,  of  its 
aircraft  supply;  (6)  to  obtain  cost  data  for  the  De- 
partment's guidance  in  dealing  with  private  manufac- 
turers, and  (e)  to  have  under  its  own  control  a  factory 
capable  of  producing  experimental  work.  The  history  of 
this  development  is  given  in  some  detail,  includinj^  sta- 
tistics of  size,  valuations  and  output. 

The  problems  discussed  include  (a)  layout  and  ex- 
pansion, describing  the  original  plant  and  how  idle 
plants  in  the  industrial  world  were  utilized  for  the 
production  of  parts  that  were  afterward  assembled  at 
the  factory;  (6)  outside  production,  outlining  the  plac- 
ing with  plants  of  contracts  for  flying-boat  hulls,  wmgs, 
metal  parts,  tanks,  engine  foundations,  tail  surfaces, 
etc.;  (e)  personnel,  telling  how  both  men  and  women 
were  trained  in  a  special  school;  (d)  engineering, 
covering  built-up  wooden  parts,  research  in  defects  of 
wood,  securing  of  proper  material,  organization  of  in- 
spection^ traveling  representative,  traffic  and  follow-up 
forces,  etc.,  to  expedite  production;  and  (e)  produc- 
tion methods,  showing  that  by  careful  scheduling  and 
subsequent  working  to  schedule  time-reduction  was  se- 
cured. For  example,  hull  construction  was  divided  into 
operations  of  framing,  brace  wiring,  planking,  etc., 
each  of  which  covered  a  similar  kind  of  work.  Various 
crews  were  then  organized  so  that  each  group  of  opera- 
tions could  be  completed  in  one  day.  By  this  method 
the  time  required  to  build  a  hull  was  reduced  from  41 
to  16  days.  This  system  was  followed  throughout  the 
plane  construction. 

The  reason  for  the  establishment  of  the  Naval  Air- 
craft Factory  was  the  problem  of  aircraft  supply 
which  faced  the  Navy  Department  upon  the  en- 
trance of  the  United  States  into  the  great  world  war.  It 
is  unnecessary  to  recite  these  conditions  to  the  members 
of  this  Society.  It  suffices  to  say  that  the  army's  require- 
ments for  large  numbers  of  planes  promoted  a  decided 
lack  of  interest  in  the  navy's  requirements  for  compara- 
tively small  numbers  of  machines,  and  the  Navy  Depart- 
ment therefore  concluded  that  it  was  necessary  to  build 

^Manager,   Naval  Aircraft  Factory,   League  Island   Navy   Yard. 
PhUadelphla.  Pa. 
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and  put  into  production  an  aircraft  factory  to  be  owned 
by  the  Navy,  in  order,  first,  to  assure  a  part,  at  least,  of 
its  aircraft  supply;  second,  to  obtain  cost  data  for  the 
Department's  guidance  in  its  dealings  virith  private  manu- 
facturelrs;  third,  to  have  under  its  own  control  a  factory 
capable  of  producing  experimental  work. 

Appointment  of  an  Investigating  Board 

The  Department  directed  that  a  survey  of  the  situation 
be  made  early  in  June,  1917,  with  a  report  upon  the  size, 
cost,  and  location  of  a  factory  capable  of  producing  1000 
navy  school  planes,  knovni  as  Gurtiss  N-9,  per  annum, 
and  further  to  report  upon  the  minimum  time  in  which 
such  a  plant  could  be  built,  equipped,  manned  and  put  into 
operation.  The  field  for  investigation  was  necessarily 
limited,  as  at  that  time  only  the  Churchill  Street  plant  of 
the  Gurtiss  Aeroplane  company  could  be  considered  a 
manufacturing  plant  for  airplanes.  There  were  a  number 
of  other  firms  producing  planes  in  small  quantities  or 
getting  ready  to  produce  them  in  large  quantities.  But 
scanty  information  was  therefore  available  and  there  was 
no  time  to  make  an  exhaustive  study  that  under  ordinary 
peace-time  conditions  would  be  expected  before  embark- 
ing on  an  enterprise  of  this  size.  Consequently  about  the 
middle  of  July,  1917,  it  was  reported  to  the  Chief  of  the 
Bureau  of  Construction  and  Repair,  Admiral  D.  W.  Tay- 
lor, U.  S.  N.,  and  to  the  Secretary  of  the  Navy,  that  a 
plant  of  the  required  size  could  be  built  at  the  League 
Island  Navy  Yard  at  a  cost  of  approximately  $1,000,000 
in  about  100  days. 

On  July  27,  1917,  the  Secretary  of  the  Navy  approved 
the  project  and  directed  the  Chief  of  the  Bureau  of  Con- 
struction and  Repair  to  proceed  vnth  the  construction. 

Building  Contracts  Awarded 

The  contract  for  the  buildings  was  awarded  Aug.  6, 
1917,  ground  actually  being  broken  four  days  later.  Bene- 
ficial occupancy  of  part  of  the  building  was  obtained  about 
Oct.  1,  1917,  ahead  of  the  time  promised  by  the  contract- 
or. On  Oct.  16,  1917,  sixty-seven  days  after  breaking 
ground,  the  first  power-driven  machine  was  put  in  opera- 
tion and  the  entire  building  was  pronounced  complete 
Nov.  28,  1917. 

The  engineering  data  and  plans  for  the  planes  to  be 
built  were  received  by  the  factory  Oct.  26,  1917,  and  on 
March  27,  1918,  228  days  after  ground  was  broken  and 
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151  days  after  receipt  of  the  plans,  the  first  machine  was 
given  its  first  flight,  which  was  successful,  and  on  April 
2,  1918,  this  machine  and  the  second  one  were  shipped 
from  the  factory  en  route  to  England.  These  two  boats 
were  the  first  of  the  original  manufacturing  order,  which 
was  completed  July  2,  1918,  ahead  of  the  time  scheduled 
for  its  completion. 

Some  figures  obtained  as  of  Sept.  30,  1918,  about  a 
month  and  a  half  before  the  armistice  was  signed,  will 
give  an  idea  of  the  size  of  the  factory  at  that  time.  It 
has  been  enlarged  beyond  the  bounds  of  the  original  pro- 
ject, as  will  be  described. 

Total  floor  space,  sq.  ft 750,060 

Total  ground  covered  including  lum- 
ber yards,  acres 41 

Total  number  of  employes 3,600 

Of  which  were  women 760 

Value  of  plant,  buildings,  and  equifmient  . . .  .$4,476,000 

Supplies  in  store 1,621,000 

Work  in  process 1,662,000 

Totel  inventory  $7,759,000 

Value  of  output 

(a)  183  Twin-engined  flying  boats  (at  ap- 

proximately $20,000  each)    $3,660,000 

(b)  4  Experimental  machines,  50  sets  twin- 

engined  flying  boat  spares  and  a  con- 
siderable volume  of  ordinary  experi- 
mental and  repair  work 200,000 

Total  value  of  output $3,860,000 

Payroll  for  month  of  September,  1918 $405,000 

Total  expended  in  wages  up  to  Oct.  1, 1918. .  .$2,790,000 

The  Original  Plant 

The  original  plant  consisted  of  a  building  400  ft.  square 
containing  a  balanced  plane  factory — ^that  is,  mill,  metal 
shop,  panel  shop,  covering,  varnish  and  dope  rooms,  hull 
shop  and  final  assembly,  together  with  the  general  ofiices, 
toilet  and  locker  rooms,  cafeterias  and  storeroom.  In 
addition  there  was  a  four-cell  Tiemann  dry  kiln,  a  brick 
building  60  by  100  ft.,  heated,  for  the  storage  of  kiln 
dried  lumber,  a  lumber  yard  v^th  modem  pile  bottoms 
for  the  accommodation  of  approximately  3,000,000  ft.  of 
lumber,  and  a  boiler  house. 

Fig.  1  gives  the  layout  of  the  entire  factory  buildings, 
Nos.  1  and  2,  constituting  the  original  project,  the  block 
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to  the  south  of  the  main  building,  No.  5,  being  the  lumber 
yard.  The  large  building  is  made  up  of  a  section  300  by 
400  ft.  of  the  Austin  Go.  No.  3  building,  and  a  special 
bay  100  by  400  ft.  was  added  to  Supply  hull  building  and 
final  assembly  space.  This  extra  bay  was  100  ft.  wide 
with  a  clearance  under  the  roof  trusses  of  51  ft.,  accom- 
modating a  10-ton,  three-motor,  overhead  traveling  elec- 
tric crane  with  a  40-ft.  hook  hoist.  The  provision  of  this 
high,  vnde,  long  bay  seemed  to  many  to  be  of  doubtful 
value,  but  it  was  intended  to  meet  the  requirements  of 
the  future,  which  it  seemed  certain  would  be  for  large 
planes,  and  as  it  happened  the  factory  never  went  into 
production  on  small  planes,  but  was  started  at  once  on 
large  planes,  making  this  building  and  its  crane  a  paying 
investment  from  the  start. 

Layout  Assured  Flexibility 

The  allocation  of  space  to  the  various  activities  of  the 
plant  was  a  problem  which  did  not  at  the  time  admit  of 


Pio.    1 — Airplanb   View   of   the   Pactort,   Showing   Both   th» 
Oriqinai.  and  Enlarged  Plant 

(1)  Hiffh  shop  No.  1;  original  plant 

(2)  Mill,  metal  shop,  offices,  and  storeroom  of  original  plant 
(Si  The  storehouse 

(4)  Panel,  pontoon,  paint  and  dope  rooms  of  the  enlarged  plant 
(6)  Lumber  yard,  dry  kiln  and  boiler  house 

(6)  Office  building 

(7)  Assembly  shop  of  the  enlarged  plant 

(8)  Hangar 
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definite  solution  because  of  lack  of  definite  information  as 
to  the  types  of  machine  to  be  built  and  of  information  as 
to  the  amount  of  space  actually  required  for  known  types 
of  machines.  The  only  partitions  erected,  therefore,  were 
those  necessary  to  meet  the  following  requirements: 
First,  to  separate  the  high  bay  from  the  low  part  of  the 
building,  as  a  fire  protection  measure;  second,  to  separT 
ate  the  ofiices,  toilet  and  locker  rooms  and  cafeteria  from 
the  factory  for  fire  protection,  cleanliness  and  quiet; 
third,  to  enclose  the  metal  shop,  and  the  varnish  and  dope 
room,  as  a  matter  of  fire  protection. 

The  machinery  purchased  was  equipped  with  individual 
motors  so  that  no  provision  for  line  shafting  was  neces- 
sary and  the  location  of  the  machines  could  be  changed 
at  pleasure. 

Atmcnspheric  Conditions  Stabilized 

Having  noted  that  a  watering-pot  was  necessary  to 
preserve  the  necessary  humidity  in  airplane  factories  and 
realizing  the  desirability  of  standardized  and  constant  at- 
mospheric conditions  as  to  temperature,  humidity  and 
ventilation,  the  Carrier  system  of  heating,  humidifying 
and  ventilating  was  installed.  This  is  the  system  now  be- 
ing commonly  used  in  cotton  mills  and  was  introduced 
into  an  airplane  factory  for  the  first  time.  It  has  auto- 
matic temperature  and  humidity  control,  the  air  condition 
being  standardized  at  that  which  would  provide  a  good 
working  temperature  (65  deg.  fahr.)  together  with  a  50 
per  cent  humidity,  which  would  insure  that  wood  dried 
to  10  per  cent  moisture  content  would  neither  absorb  nor 
give  off  moisture.  It  was  then  insured  that  small,  and 
particularly  thin,  wood  parts  would  maintain  their  size 
and  shape  after  manufacture  and  thus  facilitate  assemb- 
ling. The  system  proved  most  satisfactory. 

Probably  all  plane  manufacturers  in  the  aircraft  world 
went  through  tJie  same  distressing  times  experienced  by 
the  Naval  Aircraft  Factory  of  having  to  start  work  as 
winter  approached  in  incomplete  buildings  vnthout  light 
and  heat  and  without  those  conveniences  and  articles  of 
equipment  that  are  not  appreciated  by  those  who  work 
in  established  factories. 

Problems  of  Enlargement 

In  December,  1917,  it  was  decided  by  the  Navy  Depart- 
ment to  make  a  very  great  increase  in  the  aircraft  build- 
ing program  to  meet  the  requirements  for  planes  for 
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patrol  and  convoy  work  in  the  North  Sea  and  particularly 
over  the  waters  contiguous  to  the  coasts  of  Ireland  and 
France.  Although  at  this  time  the  Naval  Aircraft  Fac- 
tory was  not  yet  in  production,  its  original  plant  was  com- 
plete, the  organization  was  formed  and  working,  a  fair 
start  had  been  made  on  the  assemblage  of  a  working 
force,  and  it  gave  promise  of  coming  satisfactorily  into 
production.  The  new  program  necessitated  the  provision 
of  additional  manufacturing  facilities  because  the  army 


Fio.  2 — CURTI88  R6.  A  Pontoon  Sbaplanb  ;  Simplt  a  Land  Machine 
WITH  Pontoons  Instead  op  Wheels 

was  not  prepared  to  release  any  of  the  facilities  assigned 
to  it  by  the  Aircraft  Board. 

The  first  problem  was  to  decide  whether  or  not  to  con- 
struct a  balanced  factory  to  supply  the  needed  capacity. 
After  considerable  discussion  it  was  decided  that  the 
time  required  for  the  erection  of  the  building,  the  assem- 
bling of  sufficient  personnel,  etc.,  was  so  great  as. to  pre- 
clude so  doing.  It  seemed  better  to  utilize  idle  plants  in 
the  industrial  world  for  the  production  of  parts  and  to 
erect  as  an  enlargement  of  the  Naval  Aircraft  Factory  an 
assembling  plant  to  be  fed  by  these  sources  of  parts  and 
minor  assemblies. 

For  this  there  was  provided  a  building  shown  in  Fig. 
1,  consisting  of  two  parts:  a  low  building  18  ft.  under  the 
roof  trusses  was  provided  for  panel  shop,  varnish  and 
dope  room,  pontoon  manufacture,  etc.,  and  a  bay  100  ft. 
wide,  51  ft.  under  the  trusses  and  680  ft.  long  for  final 
assembly,  flanked  on  each  side  by  a  bay  of  equal  size,  50 
ft.  wide 'and  80  ft.  under  the  trusses.  The  100-ft.  bay 
was  equipped  with  two  10-ton,  three-motor,  overhead 
traveling  electric  cranes,  and  the  side  bays  each  with  a 
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2V^-ton  small  crane.  The  plan  was  to  manufacture  and 
assemble  wings,  pontoons  and  similar  parts  in  the  low 
section,  assembling  them  to  jigs  and  packing  them  for 
shipment,  the  boat  hulls  to  be  put  through  final  assembly, 
packed  and  shipped  from  the  high  bay,  while  the  flanking 
bays  were  used  for  sub-assembling. 

OuT&iDE  Plants  Aided^^Increased  Production 

As  sources  for  hulls  some  six  yacht  building  yards 
were  obtained,  and  for  the  supply  of  wings,  metal  parts. 


Fio.  3 — The  First  Product  op  the  Naval  Aircraft  Factory  Was 

A  Curtiss  H-16  Flying  Boat 

It  Is  a  Tractor  Biplane  with  Twin  Liberty  EIngines 

tanks,  engine  foundation  assemblies,  tail  surfaces,  etc., 
the  services  of  a  number  of  plants  were  enlisted  which 
might  have  otherwise  stood  idle  due  to  the  discontinuance 
of  their  peace-time  business. 

The  direction  of  the  entire  program  was  reposed  in  the 
central  offices  of  the  Naval  Aircraft  Factory,  which  ne- 
cessitated enlarged  office  space.  Therefore,  a  concrete 
three-story  office  building  was  erected  to  accommodate 
the  offices  and  the  old  office  space  was  put  into  production. 
A  six-story  concrete  storehouse,  approximately  200  ft. 
square,  was  provided  to  meet  the  enlarged  storage  space 
requirements  and  the  storage  room  in  the  original  factory 
was  thrown  into  production  space.  The  dry  kiln  capacity 
was  doubled,  as  was  also  that  of  the  heated  storage  build- 
ing and  the  lumber  yards.  The  success  of  the  Carrier 
heating  and  ventilating  system  in  the  original  plant  dic- 
tated its  installation  in  the  new  assembling  plant  and  in 
the  heated  lumber  storage  building. 

At  this  time  there  was  also  projected  a  hangar  which 
was  authorized  in  the  spring  of  1918  and  is  now  under 
construction,  because  of  the  increase  in  experimental 
work,  in  the  development  of  new  models  and  of  new  fea- 
tures in  old  models,  necessitating  a  considerable  amount 
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Pio.  4 — Thb  F-5-L  Boat  Sbaplanb,  a  Hsfinied  and  Larokr  EIdition 

OP  TH«  CuRTiss  Boat 

It  Has  a  Wing  Spread  of  104  Ft.,  a  Total  Flyingr  Load  of  Nearly 

7  Tons  and  a  10-Hr.  Cruising  Radius 
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of  alteration  on  completed  planes  and  test  and  demonstra- 
tion flying.  The  Delaware  River  affords  ample  space  and 
climatic  conditions  are  favorable,  except  for  two  months 
in  the  winter. 

This  hangar  has  a  door  200  ft.  wide  and  50  ft.  high,  and 
the  building  itself  is  150  ft.  deep.  In  front  of  this  hangar 
is  an  apron  100  by  200  ft.  made  of  concrete  with  a  con- 
crete ramp  flanked  by  concrete  piers.  The  concrete  is  to 
be  colored  green  to  relieve  the  glare.  Provisions  are  made 
for  the  simplification  of  handling  planes  on  the  apron  and 
ramp. 

The  Philadelphia  Navy  Yard  is  on  League  Island,  which 
comprises  approximately  1000  acres,  of  which  over  41 
acres  are  covered  by  the  enlarged  plant.  A  considerable 
increase  in  paving,  railroad  tracks,  roadways,  etc.,  was 
required  and  was  provided  for  in  the  allotment,  which,  in- 
cluding the  hangar,  amounted  to  $8,678,000,  which  was 
approved  for  the  project  by  the  Secretary  of  the  Navy 
Jan.  27,  1918. 

In  the  design  of  the  buildings  provision  was  made  for 
sprinklers  and  the  buildings  were  also  supplied  liberally 
with  Are  buckets,  sand  boxes  and  Are  extinguishers. 

Responsibility  for  the  securing,  development  and  re- 
tention of  a  satisfactory  personnel,  outside  of  the  execu- 
tive staff,  was  placed  in  an  Employment  Department,  un- 
der the  direction  of  an  Employment  Superintendent.  The 
Emplojrment  Superintendent  is  one  of  the  five  main  de- 
partment heads  reporting  to  the  manager.  The  specific 
functions  assigned  to  the  Employment  Department  orig- 
inally included  employment  and  training.^  Later,  as  the 
work  developed,  responsibility  for  a  certain  amount  of 
factory  follow-up  and  for  all  service  work  of  the  factory 
was  added. 

Training  Women 

When  the  factory  was  starting  it  was  necessary  to  em- 
ploy men  almost  entirely  for  mechanical  work.  As  soon  as 
a  suflicient  number  of  men  had  been  trained  to  carry  the 
work  along,  it  was  considered  not  only  desirable  and  ne- 
cessary to  use  women  wherever  possible,  but  also  a  war 
duty.  The  most  important  training  work  taken  up  by  the 
Employment  Department  had  to  do  with  the  introduction 
of  women  into  the  factory. 

A  training  school  was  established  for  women.  Upon 
emplo3rment  women  were  placed  in  this  school  and  there 
under  close  supervision  of  mechanic  instructors,  per- 
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fonned  the  same  kind  of  work  which  they  would  later  be 
called  on  to  perform  in  the  factory.  The  work  which 
they  do  is  production  work,  but  it  is  graded  so  that  a  be- 
ginning worker  has  simpler  work  and  is  more  closely  su- 
pervised. With  these  exceptions  and  the  exception  of  a 
somewhat  shorter  working  day,  the  working  conditions 
of  this  school  are  made  to  resemble  as  nearly  as  possible 
the  working  conditions  of  the  rest  of  the  factory.  A  suffi- 
cient number  of  girls  passed  through  the  school  to  in- 
crease the  number  of  women  employes  from  218  in  June 
to  895  in  November.  This  was  an  increase  from  9.4  to 
24.5  per  cent  of  the  entire  force. 


Fig.  6 — A  Pontoon  Pusher  Sbaplanb  op  th»  Past  Spbbd  Scout 
Ttpb  Which  Was  Dbsiqned,  Manufactured  and  Perfected  Dur- 
ing THE  War 

Most  of  the  women  employed  on  mechanical  work  were 
used  in  the  assembly  of  airplane  wings,  but  they  were 
also  extensively  used  in  the  metal  and  machine  shop,  in 
the  wing  covering  department,  in  the  sawmill,  in  the  hull 
shop,  in  painting,  in  sub-assembling,  in  inspection  and  in 
the  storeroom. 

A  similar  training  course  was  conducted  in  the  factory 
for  the  enlisted  men  who  were  to  be  sent  abroad  for  as- 
sembly and  repair  of  seaplanes. 

Dealings  with  Employes 
In  dealing  with  employes  the  theory  that  every  em- 
ploye had  the  right  of  appeal  to  the  Manager  was  fol- 
lowed. In  most  plants  a  man's  future  and  happiness  are 
dependent  upon  his  immediate  superior's  judgment.  Or- 
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dinarily  that  judgment  is  sufficient  and  is  just,  but  it 
frequently  is  not,  and  it  was  considered  good  business  to 
have  a  department  where  someone  who  was  not  respon- 
sible for  production  and  under  the  pressure  that  it  im- 
plies might  fairly  consider  both  sides  of  each  dispute  and 
render  an  ex-parte  decision.  Since  the  Manager  was  too 
busy  to  assume  this  work  personally,  this  responsibility 
was  placed  in  the  Employment  Department,  where  griev- 
ances and  charges  of  unfair  treatment  were  regularly 
considered  as  matters  of  highest  importance  to  the  con- 
struction of  seaplanes.  Furthermore  the  Emplo3rment 
Department  passed  finally  on  nearly  all  rate  changes, 
transfers,  all  discharges  and  draft  exemptions. 

Such  a  policy  may  have  encouraged  fault  finding.  That 
which  was  at  bottom  constructive  and  that  which  was  not 
had  to  be  distinguished.  There  was  dependence  on  the 
department  for  straightening  out  difficulties.  After  the 
armistice  was  signed,  when  the  plant  was  cutting  down 
its  force,  those  who  so  desired  were  helped  to  find  other 
work. 

Utilization  of  the  Plant 

At  the  time  the  plant  was  first  projected,  it  was  not 
known  definitely  what  planes  would  be  put  into  produc- 
tion therein,  but  it  was  designed  practically  with  the 
idea  of  manufacturing  training  planes.  Early  in  October 
the  supply  of  training  planes  being  assured  and  the  sup- 
ply of  service  flying  boats  being  iii  doubt,  it  was  decided 
to  put  into  production  an  order  of  fifty  twin-engined  fly- 
ing boats  of  the  type  known  in  England  as  F-2-A  and  in 
the  United  States  as  the  Curtiss  model  H-16. 

The  engineering  data  were  obtained  from  the  Curtiss 
Aeroplane  &  Motor  Corporation.  To  discuss  the  en- 
gineering problems  involved,  it  is  perhaps  necessary  to 
show  the  relation  between  the  Naval  Aircraft  Factory, 
the  Navy  Department  and  other  airplane  factories.  The 
Naval  Aircraft  Factory  was  designed  to  supplement,  not 
to  compete  with,  privately  owned  factories,  its  after-the- 
war  future  being  intended  for  the  development  of  new 
and  experimental  models.  During  the  war  its  function 
was  to  be  practically  one  of  production.  Located  as  it  was 
in  the  Navy  Yard  and  in  charge  of  an  officer  known  as  the 
Manager,  it  was  necessary  for  the  Manager  to  be  under 
the  Commandant  of  the  Navy  Yard  insofar  as  military 
matters  and  matters  of  general  external  policy  were  con- 
cerned. 
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The  Bureaus  of  the  Navy  Department  provided  an  in- 
dependent inspection  service  at  the  Naval  Aircraft  Fac- 
tory under  the  general  direction  of  the  Bureaus,  just  as 
the  same  service  was  furnished  to  privately  owned  fac- 
tories. Communication  with  other  plane  factories  was 
direct  on  matters  not  involving  the  inspectors'  interests 
directly  and  correspondence  was  through  the  inspectors 
under  the  same  conditions  as  those  imposed  upon  priv- 
ate manufacturers. 

Engineering  Problems  Involved 
One  of  the  principal  problems  of  the  Engineering  De- 
partment was  to  apply  the  practice  of  part  design  for 
matching  production  to  the  manufacturing  problems  of 
the  factory,  and  in  the  second  model  put  into  production, 
the  P-5-L,  a  considerable  difference  was  made  to  facili- 
tate manufacture  in  many  features.  For  example,  metal 
fittings  were  designed  to  avoid  as  far  as  possible  the  use 
of  drop  forgings,  as  material  for  the  former  was  easily 
obtained,  easily  worked  and  welded  and  would  lose  little 
strength  if  abused.    Fig.  8  is  a  typical  example.    Often 
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Pio.  7 — Chart  Showing  a  Constant  Incrbasb  in  the  Number  of 

Employes  Up  to  the  Time  the  Armistice  Was  Signed,  the  Solid 

Line  Indicating  Those  Employed  at  the  Factory  and  the  Dotted 

Line  Those  Employed  in  Contraotors'  Plant 
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the  most  complicated  fittings  were  so  designed  that  they 
could  be  assembled,  drilled,  brazed,  etc.,  by  women.  In 
the  hull  of  the  first  model  there  were  about  fifteen  differ- 
ent kinds  of  strap  fittings  for  securing  stanchions  to 
each  other  and  to  the  longerons.  By  reducing  the  number 
of  different  kinds  of  fitting,  the  number  of  dies,  tools  and 
jigs  for  their  production  was  reduced,  it  was  easier  to 


Fig.  8 — A  Typical  F-5-L  Fitting  Usbd  on  thb  WiNo' 
Note  That  It  Is  Strap  Iron  Cut  from  a  Flat  Pattern 

supply  the  shop  and  there  was  less  opportunity  for  con- 
fusion; hence  "average  fittings"  were  designed  so  that 
some  one  kind  of  fitting  could  be  applied  to  two  or  more 
different  places.  The  result  of  this  practice  was  that  no 
fitting  seemed  exactly  to  fit,  but  outside  of  the  loss  in  ap- 
pearance the  net  result  was  a  gain.  Fig.  9  shows  some 
typical  average  fittings. 

In  many  cases,  particularly  at  first,  substitutions  were 
necessary  on  account  of  lack  of  specified  materials  or 
parts.  The  Engineering  Department  was  called  upon  to 
suggest  and  to  pass  on  substitutes.  Many  times  reference 
to  the  stress  diagram  enabled  a  simple  substitution  which 
saved  a  great  deal  of  time  and  aided  production.  All 
such  substitutions  were,  of  course,  taken  up  with  the 
proper  Bureau  of  the  Navy  Department  and  authorized. 

The  Engineering  Department  and  Production 

In  getting  the  factory  into  production,  this  service  of 
the  Engineering  Department  was  of  inestimable  value; 
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also  in  the  investigations  of  spiral  grain  and  the  use  of 
laminated  members  for  struts  and  wing  beams.  Early 
practice  dictated  that  struts  and  wing  beams  should  be 
made  in  two  pieces  and  lightened.  The  difficulties  in  the 
way  of  getting  materials  of  the  proper  quality  in  the 


PiQ.  9 — Many  of  the  Hull  Fittings  Wkrb  Similar  but  Necessi- 
tated Different  Dies,  Patterns,  Etc. 
Hence    "Average   Fittings,"    Several    of   Which    Are    Shown,   Were 

Designed 

necessary  large  sizes  finally  brought  about  the  adoption 
of  laminated  pieces.  Struts,  for  instance,  were  made  with 
three  laminations,  and  each  lamination  might  be  in  two 
pieces,  making  six-piece  struts.  Wing  beams  were  at 
first  spliced,  then  laminated,  and  then  the  laminations 


Digitized  by 


Google 


PROBLEMS  OF  THE  NAVAL  AIRCRAFT  FACTORY 


819 


were  spliced,  and  finally  instead  of  two  laminations  three 
were  used.  Examples  of  each  are  shown  in  Figs.  10 
and  11. 

In  working  out  this  practice  it  was  found  that  ap- 
parently good  struts  would  warp  or  in  testing  would  fail 


^--^mr> 


Fig.  10 — Built-Up  Laminated  SsenoN 
Struts 

These  Were  Designed  to  Save  Ma- 
terial and.  Having  a  Uniform  Sec- 
tion, Were  Easier  to  Construct  The 
Upper  Two  Views  Are  a  Section  and 
Plan  View  of  the  Old  Type  Two-Piece 
Tapered  Section  Strut  That  Required 
a  Large  Amount  of  Material  and  Much 
Hard  Work.  The  Next  One  Is  a  Sec- 
tion of  the  New  Six-Piece  Type  In 
Which  Small-Section  Material  May  Be 
Used,  While  the  Bottom  View  Shows 
the  Lightened  Center  Section 


Fio.    11 — Mbthod    op    Building    Up    Laminated    Bbams 
Which  Were  Found  to  Bd  Better  Than  Solid  Bbaias 

AS     THE     I*088IBILITT      OP     DEFECTS     IN      ANT     ONB     PART 

Decreased 

The  Upper  Row  Are  of  the  Two-Piece  Construction  and 

the  Bottom  One  Shows  the  Three-Piece  Construction 

under  small  loads.  Investigation  disclosed  the  fact  that 
the  laminations  must  be  of  equal  density  to  avoid  these 
faults.  For  instance,  in  the  two-piece  strut  if  one  lamina- 
tion is  of  greater  density  than  the  other,  the  lamination 
of  light  density  will  yield  under  load  more  readily  than 
the  heavy  lamination,  thus  throwing  all  the  load  on  the 
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heavy  one  and  bringing  about  early  failure.  Further  study 
made  it  necessary  to  match  not  only  in  density  but  in 
grain,  as  is  illustrated  in  Fig.  12. 

The  Wood  Technology  Section  was  faced  with  the  prob- 
lem of  discovering  why  during  the  winter  from  nine  to 
ten  o'clock  every  morning  the  stdam-bent  spruce  and  ash 
stringers  would  start  breaking;  one  morning  five  bent 
members  broke  within  half  an  hour.  Investigation  de- 
veloped the  reasons.  It  had  been  customary  to  allow  the 
temperature  in  the  plant  to  drop  during  the  night  to  60 
deg.  fahr.  and  starting  at  seven  o'clock  in  the  morning 
the  temperature  was  brought  up  and  by  nine  o'clock 
would  be  normal  (65  deg.  fahr.)  The  wood  could  not  con- 
form so  rapidly  to  the  changing  atmospheric  conditions, 
and  the  attempt  to  conform  introduced  internal  stresses 
which  broke  the  pieces.  Thereafter  the  night  temperature 
was  held  at  the  level  of  the^  day  temperature  and  the 
trouble  disappeared. 

Considerable  difficulty  was  experienced  in  getting  sat- 
isfactory wood  inspectors,  due  to  the  refined  requirements. 
Defects  that  were  not  important  to  the  commercial  in- 
spector of  lumber  or  inspector  of  wood  parts  were  found 
to  be  of  prime  importance  in  the  aircraft  factory.  Th« 
question  of  strength  was,  of  course,  paramount,  and  thus 
it  was  necessary  to  discover  hidden  defects,  and  hidden 
defects  are  quite  common  in  spruce. 

Wood  Defects  a  Problem 

Three  of  these  defects  difficult  to  observe  are  pitch 
pockets,  spiral  grain  and  compression  failure,  none  of 
which  was  very  clearly  recognized  before  the  war.  A 
typical  example  of  spiral  grain  is  shown  in  Fig.  13.  Spi- 
ral grain  is  exceedingly  difficult  to  detect,  particularly  in 
fresh  cut  material  and  is  exceedingly  treacherous,  especi- 
ally under  shock  or  impact.  This  defect  was  given  magni- 
fied importance  at  one  time,  but  even  after  the  excite- 
ment had  subsided  its  danger  was  appreciated  and  has 
been  minimized  largely  by  the  practice  of  laminating.  A 
piece  containing  spiral  grain  will  split  straight  along  the 
growth  grain,  but  will  cleave  at  a  distinct  angle  across  the 
growth  grain.  It  is  discovered  by  looking  for  indistinct 
and  sometimes  nearly  invisible  veins  of  sap.  The  Engin- 
eering Department  made  a  long  series  of  tests  in  the  study 
of  spiral  grain  and  with  the  strength  data  obtained  and 
after  a  study  of  the  stress  diagram,  spiral  grain  toler- 
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Laminated  Stmts  Would  Warp  If  the  Grain  In  the 
Liaminatiohs  Were  Not  Balanced.  This  Shows 
the  Correct  Method  of  Balancing:  the  Grain.  The 
Ideal  Types  Are  Shown  at  the  Top  with  the  Ac- 
ceptable Ones  in  the  Middle  and  the  Non -Acceptable 
Types  Underneath 

Pio.  12 — Typical  Exa.mpi^8  o«p  the  Use  op  Laminated  Sbctions 
FOR  Aircraft  Struts 


Pig.   13 — A  Typical  Failure  Due  to  Spiral  Grain 

Strut 
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ances  were  modified  and  reduced,  which  greatly  facili- 
tated the  production  program. 

Bolt  Practice 

In  the  design  originally  put  into  production  in  this  fac- 
tory, the  variation  in  diameter  of  bolt  was  by  1/32  in. 
and  in  length  of  bolt  by  1/16  in.  As  these  bolts  were  all 
of  special  dimensions  and  of  special  stock,  heat  treated  and 
electroplated  for  protection  against  corrosion,  and  as  the 
number  of  sizes  was  great,  production  difficulties  and 
complications  arose  due  to  long  parts  lists,  numbers  of 
drawings,  specifications,  contracts,  stockbins,  stockcards, 
etc.  Therefore,  five  diameters  were  adopted  as  standards 
by  the  Department,  namely  3/16,  %,  5/16,  %  and  V^.  in., 
and  the  variation  in  length  was  made  by  %  instead  of 
1/16  in.  By  this  means  the  number  of  sizes  was  reduced 
enormously. 

In  the  early  practice  castle  nuts  and  cotter-pins  were 
used  on  all  bolts.  These  bolts  were,  of  course,  hard- 
ened, and  it  was  exceedingly  difficult  to  drill 
them  on  assembly,  requiring  much  time,  causing  the 
breaking  of  many  drills,  and  frequently  on  wing  panels 
resulting  in  damage  to  the  fabric  which  required  patch- 
ing. This  practice  was  immensely  simplified  by  the  use 
of  washers  under  all  nuts  bearing  on  metal  surfaces ;  and 
nuts  bearing  on  wood  surfaces  were  headed  over  unless  it 
was  necessary  to  have  them  readily  removable.  This  re- 
duced the  assembling  time  of  many  assemblies  and  fur- 
ther simplified  the  production  problems. 

How  Material  Was  Obtained 

At  the  time  the  factory  was  projected  the  markets  had 
been  pretty  well  cleared  of  available  stocks  and  the  opera- 
tion of  the  priority  system  had  not  been  satisfactorily 
worked  out  by  the  Government,  so  that  the  material  prob- 
lem was  exceedingly  difficult.  The  factory  being  a  begin- 
ner had  absolutely  no  stocks.  It  was  necessary  to  buy  all 
materials  through  the  purchasing  routine  of  the  Navy 
Department,  buying  on  specifications  and  only  after  the 
widest  possible  competition.  Materials  were  just  begin- 
ning, to  come  in  when  the  freeze-up  and  traffic  paralysis 
occurred,  and  much  valuable  time  was  lost. 

Another  problem  faced  the  Supply  Department,  due  to 
the  policy  that  the  Naval  Aircraft  Factory  should  add  to 
the  aircraft  industry.   It  followed  that  as  the  principal 
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dealers  in  aircraft  materials  had  all,  or  nearly  all,  of  the 
work  they  could  handle,  it  was  necessary  to  develop  new 
sources  of  supply.  A  force  of  traveling  representatives 
was  kept  on  the  road  to  interest  new  plants  and  to  in- 
vestigate the  capability  of  bidders  to  deliver  goods,  and 
they  were  later  used  to  expedite  production  in  these 
sources.  Particular  attention  was  paid  to  the  task  of 
teaching  these  vendors  how  to  manufacture  materials 
and  parts  to  meet  specifications  and  requirements  of  the 
aircraft  industry. 

This  section  was  supplemented  by  a  traffic  and  follow- 
up  section,  which  attended  to  the  routing  of  traffic  and 
following  it  on  the  road,  and  the  factory,  like  all  other 
aircraft  factories,  operated  a  "suit-case  express"  to  meet 
its  own  urgent  requirements  and  those  of  its  sub-con- 
tractors. 

The  Naval  Aircraft  Factory  is  a  larger  institution  than 
the  entire  Navy  Yard  was  before  the  war.  It  used  in 
manufacturing  over  three  times  the  quantity  of  lumber 
that  the  Lieague  Island  Navy  Yard  uses  at  the  present 
time.  It  handled  more  shipments  per  day  than  even  the 
New  York  Navy  Yard  handled  before  the  war.  Up  to 
the  signing  of  the  armistice  the  lumber  yard  received 
16,000,000  board  ft.  of  lumber  and  stored  it  properly; 
7,759,000  board  ft.  was  used  in  manufacturing  or  shipped 
out  to  sub-contractors  for  the  manufacture  of  hulls  or 
parts ;  and  there  remained  about  6,000,000  ft.  in  the  yard 
at  the  cessation  of  hostilities. 

Rail  Shipment  Undesirable 

A  perplexing  problem  was  the  loading  of  completed  fly- 
ing boats.  On  account  of  the  large  dimensions  of  the  hull 
case,  rail  shipment  was  undesirable.  Boats  shipped  by 
other  manufacturers  in  this  way  having  been  damaged, 
shipment  by  canal  barge  was  developed  and  proved  suc- 
cessful, except,  of  course,  in  case  of  those  planes  shipped 
abroad  from  the  factory.  Every  plane  loaded  at  this  fac- 
tory arrived  at  its  destination  without  damage  due  to 
shifting  of  cargo  or  other  incident  attributable  to  the 
method  of  securing  it. 

Source  of  Spruce 

The  spruce  supply  problem  was  solved  by  the  Navy  De- 
partment in  contracting  for  New  England  spruce.  This 
comes  in  smaller  sizes  than  the  Western  spruce;  but  by 
laminating  beams  and  struts  and  by  splicing  beam  lami- 
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nations,  the  purchase  of  Army  spruce  at  from  $300  to 
$750  per  thousand  was  discontinued  and  Navy  New  Eng- 
land spruce  was  taken  at  from  $100  to  $125  per  thousand. 

Chanqes  in  Construction  and  Design 

Many  changes  in  construction  were  necessary  for  a 
number  of  reasons.  In  spite  of  the  utmost  effort,  draw- 
ings were  frequently  incorrect,  because  of  insufficient 
data  on  the  strength  or  nature  of  materials,  because  of 
hurried  preparation  to  meet  requirements  of  the  shop, 
or  incomplete  checking  because  of  limited  time.  There 
were  also  changes  in  design  to  permit  substitution  for 
materials  not  obtainable,  or  eliminate  weakness  developed 
by  test,  or  provide  improvements  found  necessary  by 
overseas  use,  reduction  in  weight,  or  to  further  standard- 
ize or  reduce  the  number  of  parts.  All  these  changes  had 
to  be  met  with  the  least  interruption  to  the  shop  schedule 
which  had  been  prepared  for  the  parts  in  question. 

The  variety  of  materials  required  was  greater  than 
would  at  first  be  supposed.  Many  of  these  were,  both  in 
character  and  treatment,  unfamiliar  to  the  workmen, 
necessitating  experiipents  frequently  resulting  in  ruined 
parts.  All  materials  passed  through  rigid  inspection, 
not  only  on  receipt  at  the  factory,  but  after  eadi  stage 
in  manufacture. 

.Special  Tools  and  Fixtures 

Methods,  tools  and  appliances  were  in  many  cases  new 
or  untried,  or  adaptations  from  other  trades,  as,  for  ex- 
ample, an  emergency  blanking  die,  good  for  from  100  to 
500  pieces,  which  could  be  manufactured  in  our  toolroom 
in  from  12  to  24  hr.  The  die  was  mounted  on  a  base 
and  separated  therefrom  by  spacing  blocks  somewhat 
thicker  than  the  material  to  be  punched.  The  punch  was 
a  loose  piece  of  machine  steel  guided  to  the  die  by  the 
guide  block,  held  in  position  above  the  die.  This  device 
was  used  on  ordinary  stamping  presses  for  material  to 
and  including  Vs  in.  thick. 

Jigs  and  fixtures  for  bending,  welding,  cutting,  drill- 
ing and  testing,  frames  for  setting  up  an  assembly,  were 
developed  and  built  up  by  crews  in  each  shop  designated 
for  the  purpose. 

A  feature  new  to  most  of  our  workmen  was  the  small 
tolerance  permitted  in  wood,  as  well  as  in  metal,  to  se- 
cure minimum  weight  and  avoid  hand-work  in  assembly. 
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The  floor  space  allotted  to  the  various  shops  was  based 
on  the  speed  requirements  indicated  by  the  program  chart, 
and  so  arranged  that  the  flow  of  material  was  as  much  as 
possible  in  a  forward  direction,  with  a  minimum  of  back- 
tracking, and  sub-assembly  storerooms  were  located  at 
convenient  points  in  the  line  of  flow  of  material,  between 
the  shop  where  the  part  was  manufactured  and  the  shop 
where  it  was  used.  In  this  manner  large  storage  areas 
were  avoided  and  the  sub-assembly  storerooms  were  con- 
tinually under  the  eye  of  the  shop  foreman,  while  records 
of  their  contents  could  be  reported  daily  to  the  manu- 
facturing oflice,  where  the  records  were  kept  and  orders 
so  issued  so  as  to  keep  the  various  crews  busy,  to  avoid 
accumulation  of  parts,  thus  saving  floor  space  and  deliver- 
ing flnished  parts  and  sub  and  major  assemblies  when, 
where  and  as  required. 

How  Production  Was  Maintained 

The  flrst  order  was  for  fifty  seaplanes  to  be  delivered 
by  Aug.  1,  1918.,  Early  in  March  a  program  was  mapped 
out  after  consultation  with  the  foremen  of  the  shops, 
showing  when  we  could  reasonably  expect  to  complete  the 
first  plane,  then  in  process  of  construction.  With  that  as 
a  1>eginning  date,  a  curve  was  drawn  to  July  1,  the  date  of 
completion,  showing  the  number  of  planes  to  be  completed 
week  by  week,  increasing  as  the  men  became  expert  in 
their  work,  more  men  could  be  secured  and  trained,  more 
rapid  and  uniform  supply  of  parts  secured,  and  the  or- 
ganization improved.  From  this  program  for  finished 
planes  there  was  prepared  a  schedule  showing  dates  on 
which  were  to  be  completed  each  hull,  each  set  of  panels, 
etc.  From  this  in  turn  were  scheduled  the  dat;es  on  which 
the  necessary  number  of  metal,  wood  and  other  parts 
would  be  required,  then  the  dates  on  which  materials  for 
such  parts  should  be  delivered  and  tools  for  their  manu- 
facture secured.  These  fundamental  schedules  were 
placed  in  the  hands  of  the  Supply  Department,  Employ- 
ment Department  and  foremen,  and  systematically  fol- 
lowed up,  the  progress  made  in  securing  men  and  materi- 
als being  followed  by  progress  curves,  which  were  com- 
pared daily  with  the  schedules  showing  like  requirements. 
This  method  not  only  gave  warning  ahead  of  time  of 
what  would  be  required  by  each  foreman  for  the  accom- 
plishment of  his  program,  but  also  told  him  what  would 
be  required  from  his  shop  on  any  given  date. 
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Drawings  and  instructions  were  scheduled  in  the  same 
manner,  which  made  it  possible  to  concentrate  first  on 
drawings  for  parts  which  required  longest  to  manufac- 
ture or  which  were  needed  earliest  in  the  construction  of 
the  plane. 

In  the  usual  manner  the  manufacture  of  wood  and  metal 
parts,  assembling  of  panels  and  hulls,  painting  and  final 
assembling  were  assigned  to  separate  shops ;  the  work  of 
each  separate  shop  being  further  subdivided  by  crews 
doing  similar  work,  every  effort  being  made  to  select  for 
these  crews  men  or  women  who  were,  by  previous  experi- 
ence or  shop  training,  familiar  with  the  particular  t3i>e 
of  work. 

As  an  illustration  of  the  advantage  of  subdividing  the 
work  so  that  each  man  was  given  a  job  which  he  could  re- 
peat  day  in  and  day  out,  there  is  cited  the  method  of  build- 
ing hulls.  The  earlier  hulls  were  each  built  by  separate 
crews,  each  building  a  hull  in  its  entirety,  and  as  a  nat- 
ural result  each  man  in  the  crew  performed  such  a  variety 
of  work  that  no  one  did  enough  of  any  one  thing  to  learn 
how  to  do  it  well  and  rapidly.  The  shop  was  full  of  hulls 
in  various  stages  of  completion,  it  was  with  great  diffi- 
culty that  the  materials  required  by  each  crew  were  kept 
on  hand,  and  more  or  less  confusion  was  the  result.  There 
were  nine  of  these  crews,  varying  in  size  from  15  to  26 
men,  and  the  first  step  in  separating  the  job  into  its  com- 
ponent parts  was  to  select  the  operation  requiring  the 
greatest  number  of  man-hours.  This  was  found  to  be  the 
planking  of  the  bottom  of  the  hull.  At  first  this  operation 
required  a  crew  of  20  men,  working  4y2  days,  or  900  man- 
hr.  By  increasing  this  crew  to  40  men,  the  time  was  re- 
duced to  one  day  or  400  man-hr.,  the  men  working  with- 
out interfering  with  each  other  or  any  other  crew,  as  the 
hull  was  theirs  for  that  day. 

How  Time  Was  Saved 

The  construction  of  the  hull  was  divided  into  such 
operations  as  framing,  brace  wiring,  planking,  etc.,  each 
of  which  covered  a  similar  kind  of  work.  These  opera- 
tions were  then  grouped  so  that  as  many  crews  as  possible 
could  work  on  the  hulls  at  the  same  time  without  inter- 
fering with  each  other,  after  which  the  various  crews 
were  built  up  so  that  each  group  of  operations  was  com- 
pleted in  one  day.  By  this  method  the  time  required  to 
complete  a  hull  was  reduced  from  41  to  16  days,  which 
not  only  saved  time  and  men,  but  fioor  space  as,  by  pro- 
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viding  sixteen  berths,  we  secured  a  delivery  of  one  hull 
per  day;  by  apportioning  the  construction  of  the  hull 
to  16  crews,  each  doing  a  day's  work  on  each  hull,  it  was 
practicable,  by  having  16  planes  under  construction,  to 
have  all  planes  simultaneously  undergoing  separate  oper- 
ations, and  have  each  crew  move  from  one  plane  to  the 
next  at  the  end  of  each  day,  thereby  giving  place  to  the 
crew  performing  the  next  operation.  The  speed  of  de- 
livery was  later  raised  to  more  than  one  plane  a  day 
by  increasing  the  number  under  construction  at  one 
time. 

The  same  method  was  followed  out  in  the  final  assem- 
bly of  planes.  Whereas  the  first  plane  required  for  its 
final  assembly  50  days,  with  a  crew  of  35  men,  the  second 
27  days,  the  third  17  days,  this  time  was  finally  reduced 
to  7  days.  In  the  subdivision  of  work  in  final  assembly, 
every  effort  was  made  to  remove  from  the  plane  such 
work  as  could  be  done  elsewhere;  as,  for  example,  the  wir- 
ing of  the  hull  for  heat,  light  and  ignition.  At  first  this 
required  114  man-hr.  per  plane.  By  assembling  parts  on 
benches,  this  was  reduced  to  73  man-hr.  per  plane.  The 
time  on  the  plane  itself  was  at  first  30  hr.  and  was  later, 
by  the  use  of  jigs,  reduced  to  10  hr.  The  advantage  was 
not  only  in  the  reduction  of  labor  cost  but  also  in  the 
completion  of  the  work  in  a  short  time.  The  hull  is  de- 
livered to  the  final  assembly  floor  with  the  wiring-board 
in  place.  This  board  is  removed,  placed  on  a  jig,  and  in 
1^2  hr.  is  ready  to  replace  on  the  plane.  In  30  min.  after 
the  wiring-board  is  completed  on  the  jig,  it  is  replaced 
in  the  plane  and  all  dependent  operations  may  proceed; 
the  wires  having  been  previously  cut  to  gage,  terminals 
fitted  and  soldered,  wires  assembled  by  charts,  and  errors 
practically  eliminated.  It  may  be  mentioned  that  the 
work  on  this  jig  covered  three  systems  of  wiring,  namely, 
heat,  light  and  ignition;  and  that  women  learn  to  do  this 
portion  of  the  work  in  a  day. 

Another  example  of  the  subdivision  of  labor  is  in  the 
construction  of  pontoons,  which,  under  the  first  method 
of  having  one  crew  build  the  pontoons  complete,  required 
279  hr.  per  pontoon.  By  dividing  the  construction  into 
various  operations,  each  performed  by  a  separate  crew, 
the  time  was  finally  reduced  to  40  hr.  per  pontoon. 

As  to  progress  in  cost  reduction,  it  may  be  stated  that 
the  factory  cost,  including  overhead,  of  the  last  twenty 
boats,  out  of  the  first  order  for  fifty,  was  less  than  half 
that  of  the  first  ten,  and  was  considerably  less  than  the 
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price  at  which  the  Navy  was  buying  these  boats  from 
other  plane  factories. 

CpsT  Records  as  Essential  as  Planes 

One  of  the  chief  reasons  for  the  establishment  of  the 
Naval  Aircraft  Factory  was  to  obtain  data  on  the  cost 
of  aircraft  and  aircraft  parts  for  the  information  and 
guidance  of  the  Navy  Department  and  its  Bureaus  in 
dealing  with  private  manufacturers.  It  was  obviously 
necessary,  therefore,  that  all  those  elements  of  cost  with 
which  the  private  manufacturer  is  burdened  should  ap- 
pear in  the  course  of  the  output  of  the  Naval  Aircraft 
Factory..  In  other  Government-owned  establishments  a 
great  share  of  the  burden  is  charged  direct  to  operating 
appropriations,  under  the  Navy  Department,  and  does 
not  appear  in  the  cost  of  output.  The  Naval  Aircraft 
Factory,  being  a  new  institution,  it  was  arranged  to 
introduce  a  system  of  accounts  and  of  procedure  which 
would  permit  the  inclusion  of  all  overhead,  and  the 
scheme  was  successful.  The  overhead  contains  interest 
on  plant,  depreciation  (after  the  first  year)  and  allow- 
ances for  all  the  other  standard  items  except  profit  and 
taxation.  Even  the  salaries  of  Naval  officers  are  in- 
cluded in  the  costs. 

In  this  Department,  as  in  the  Supply  Department,  it 
was  necessary  to  conform  to  statute.  Navy  regulations 
and  the  requirements  of  the  Treasury  Department,  and 
of  course  in  such  a  way  as  not  to  interfere  with  the  es- 
tablishment of  a  thoroughly  practical  commercial  cost- 
keeping  system.  It  will  readily  be  seen  that  its  immedi- 
ate and  difficult  problem  was  to  observe  these  multi- 
tudinous requirements  with  a  perfectly  green  crew. 
Timekeepers,  for  instance,  were  recruited  from  the  in- 
dustrial force  of  milk  wagon  drivers,  trolley  car  con- 
ductors, etc.,  and  the  word  chaotic  is  the  only  one  to  use 
in  describing  the  early  condition  which,  however,  due  to 
the  energetic  and  clear-headed  work  of  the  Accounting 
Officer,  was  sooa  put  on  an  orderly  basis,  with  the  result 
that  the  Naval  Aircraft  Factory  payrolls  and  other  finan- 
cial returns  were  made  promptly  and  accurately  and  in 
conformity  with  the  regulations. 

Expense  was  distributed  to  the  different  departments, 
according  to  its  nature;  that  is  to  say,  building  charges 
on  the  basis  of  space;  machinery  and  equipment  charged 
on  the  basis  of  equipment  supplied ;  supervision  and  sim- 
ilar charges  on  the  basis  of  services  rendered.    It  was 
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and  is  the  intention  eventually  to  apply  expense  by  a 
machine  rate  method,  but  it  being  necessary  to  get 
started  quickly,  a  man-hour  basis  of  distribution  was 
adopted  to  begin  with  and  is  still  in  use. 

Every  worker  has  a  time-card  for  every  job  every  day, 
and  every  item  issued  from  stores  is  covered  by  its  own 
separate  stores  requisition.  Costs  are  kept  by  production 
order  and  are  separated  out  and  reported  by  appropria- 
tions and  according  to  all  the  detailed  requirementa  re- 
ferred to  in  general  above. 

Space  forbids  discussion  of  the  problems  involved  by 
the  exclusive  cognizance  of  the  Bureaus  of  the  Navy 


FiQ.   14 — At  First  279   Man-Hr.   Was  Required  in  Pontoon 

Construction 

By  Dividing  the  Work  Into  Operations,  of  Which  This  Is  One,  the 

Time  Was  Reduced  to  40  Man-Hr. 

Department  over  its  own  appropriations.  If  space  al- 
lowed, a  statement  of  the  various  restrictions  would  be 
as  interesting  as  their  application  was  difficult. 

Outside  Contracts  Handled  Separately 

The  term  contract  manufacturing  is  intended  to  cover 
the  production  of  hulls,  assemblies  and  parts  by  private 
manufacturers  for  assembling  at  the  Naval  Aircraft 
Factory,  as  called  for  by  the  enlarged  program  referred 
to  above.  This  required  a  separate  department.  It  will 
probably  be  agreed  that  it  is  much  more  difficult  to  hire 
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other  plants  to  do  one's  work  than  to  do  all  the  work 
oneself,  because  of  the  difficulties  in  placing  orders,  con- 
tractual relations,  getting  the  contractor  to  manufacture 
the  goods  as  wanted  and  deliver  them  when  wanted,  the 
difficulties  introduced  by  transportation,  to  say  nothing 
of  the  difficulty  in  maintaining  quality  and  holding  dovni 
prices. 

In  this  particular  case  the  problem  was  much  more 
difficult  because  none  of  the  contractors  understood  the 
work  and  they  and  their  workers  had  to  be  taught.  Al- 
though every  effort  was  made  to  choose  sources  already 
completely  equipped,  this  was  not  practicable,  and  it  was 
necessary  to  add  to  contractors'  equipment  in  many 
cases  and  to  a  considerable  extent.  The  war  conditions 
made  it  hard  for  private  manufacturers  to  get  material 
and  labor  and  to  hqld  their  labor.  Transportation  prob- 
lems were  difficult  beyond  all  expectation  and  altogether 
the  manufacture  of  parts  in  subcontractors'  plants  is  an 
undesirable  policy.  In  defense  of  it,  there  can  be  said 
this,  that  the  Naval  Aircraft  Factory  got  its  parts  almost 
as  fast  as  they  were  wanted  and  that  by  dint  of  exceed- 
ingly careful  and  thorough  instruction,  the  required 
standard  of  quality  was  maintained.  Also  the  Navy  finds 
itself,  now  that  the  war  is  over,  with  a  much  smaller  plant 
expenditure  on  its  books  than  it  would  otherwise  have 
had. 

The  policy  in  placing  contracts  was  to  select  plants 
as  nearly  as  possible  properly  equipped  and  of  manufac- 
turing experience  which  made  their  organization  and 
personnel  readily  adaptable  to  the  production  of  air- 
craft; also  to  establish  for  each  part  or  assembly  two  or 
more  sources  in  different  localities,  so  as  to  protect  the 
manufacturing  program  against  interruption  in  supply, 
due  to  fire,  labor,  transportation  or  other  difficulties. 

In  each  plant  was  established  a  branch  office  of  the 
Naval  Aircraft  Factory  in  charge  of  a  Branch  Manager, 
with  production,  inspecting  and  teaching  assistants. 
Service  was  extended  to  the  subcontractors  in  getting 
material  and  labor,  because  the  Naval  Aircraft  Factory 
organization  knew  better  how  to  deal  with  the  bureaus 
of  the  Navy  Department  and  with  the  other  depart- 
ments, commissions  and  boards  of  the  Government. 

Most  of  the  contracts  were  made  on  a  cost  plus  profit 
basis  and,  therefore,  in  each  plant  the  Bureau  of  Sup- 
plies and  Accounts  established  a  Cost  Inspector.  No 
extraordinary  difficulties  were  experienced  by  the  Naval 
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Aircraft   Factory   in  the  operation   of  these  contracts. 

The  reason  for  having  a  separate  organization  of  the 
Contract  Manufacturing  Department  was  found  in  the 
fact  that  the  manufacturing  department  of  the  factory 
proper  was  struggling  with  its  own  program  and  making 
good  headway  and  it  seemed  better  to  establish  a  new 
organization  than  to  interfere  with  and  possibly  destroy 
a  satisfactory  organization  before  it  had  acquired  the 
stability  of  motion  derived  from  experience  and  habit. 

Later,  as  the  original  organization  became  stabilized, 
the  disintegration  of  the  Contract  Manufacturing  De- 
partment was  begun.    Inspection  was  first  taken  over  by 


Fig.  15 — Thb  Factory  Had  a  Plane  Ready  Every  Time  thjb  Navt 

Wanted  One 

A  Few  Shown  Awaitiner  Shipment 

the  Engineering  Department.  Later  the  Material  Section 
of  the  Manufacturing  Office  took  over  general  charge  of 
the  entire  manufacturing  program.  Again,  the  largest 
source  of  metal  parts  and  assemblies,  which  had  at  first 
been  under  the  cognizance  of  the  Contract  Manufactur- 
ing Department,  was  shifted  over  to  the  Manufacturing 
Department  and  one  of  its  superintendents  placed  in 
charge  of  the  work  there.  The  cessation  of  hostilities 
found  the  Contract  Manufacturing  Department  reduced 
to  about  half  its  original  size  and  scope. 

Back  to  a  Peace  Basis 

The  present  date  finds  the  Naval  Aircraft  Factory 
reduced  in  volume  of  work  and  changed  in  its  policies 
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and  class  of  work.  At  the  time  the  armistice  was  signed 
there  were  employed  in  the  Naval  Aircraft  Factory 
proper  some  3740  persons  and  in  the  plants  of  subcontrac- 
tors nearly  8000  more.  Work  has  been  discontinued  in  the 
subcontractors'  plants  and, the  force  at  the  factory  re- 
duced to  2000.  The  large  new  assembly  plant  has  been 
converted  into  an  aircraft  storehouse.  The  storehouse 
building  is  being  filled  with  raw  materials  and  partially 
or  wholly  manufactured  parts  and  assemblies.  The  large- 
scale  production  of  boats  has  been  stopped.  Those  boats 
which  were  so  far  along  as  to  make  it  good  business  for 
the  Navy  to  protect  its  investment  by  completing  them 
are  being  finished  and  being  good  standard  craft  will 
be  suitable  for  the  peace-time  uses  of  the  Navy. 

The  factory  is  giving  its  attention  to  the  manufacture 
of  training  planes  and  to  the  designing  and  construction 
of  experimental  models;  developing  the  krt  of  fiying. 
Fig.  14  shows  some  of  the  work  that  has  been  and  is 
being  4one. 

In  the  stopping  of  work  in  subcontractors'  plants  the 
policy  was  adopted  of  effecting  an  adjustment  which 
would  be  mutually  satisfactory.  No  arbitrary  cancella- 
tions were  issued.  So  far  as  possible  opportunity  was 
given  the  contractor  to  taper  off  his  work  and  to  return 
to  peace-time  activities  without  any  greater  shock  or 
disturbance  to  his  organization  than  could  be  accommo- 
dated by  its  inherent  elasticity. 

The  Naval  Aircraft  Factory  is  indebted  largely  to 
the  automobile  industry,  to  automobile  engineers  and  to 
this  Society  for  the  help  it  has  received  in  numberless 
ways,  appreciation  and  thanks  for  which  it  is  a  privilege 
to  extend. 
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AIRPLANE  AND  SEAPLANE 
ENGINEERING 

By  Commander  H  C  Richardson',  U  S  N 


AFTER  stating  the  general  problem  confronting  the 
Navy  relative  to  the  use  of  aircraft  in  the  war,  the 
author  outlines  airplane  design  in  a  general  way,  dis- 
cussing the  principal  factors  involved  and  applying 
them  to  a  definite  example  to  illustrate  the  methods 
of  computation  used. 

The  effects  of  different  arrangements  and  disposi-  • 
tion  of  wings  and  other  elements  on  performance  and 
stability  are  indicated,  covering  the  effects  of  mono- 
plane, biplane,  triplane,  gap  ratio,  aspect  ratio,  stag- 
ger, dihedral,  etc.  Airplane  performance  is  treated  as 
depending  upon  the  horsepower  required  and  the  horse- 
power available.  Horsepower  required  is  shown  to 
depend  upon  "planes"  horsepower  and  "head-resis- 
tance" horsepower.  Horsepower  available  is  shown 
to  depend  upon  the  mutual  influence  of  the  engine  and 
the  propeller  characteristics,  the  importance  of  suit- 
able revolutions  for  the  speed  of  advance  being  pointed 
out.  The  advantage  of  gearing  down  is  demonstrated 
to  be  desirable  for  planes  of  moderate  speed. 

Seaplane  float  design  is  discussed  at  length  as  to 
both  form  and  structure,  and  the  important  influence 
of  this  element  in  seaplane  design  is  shown  by  data 
from  model-basin  tests.  The  horisepower  required  and 
available  when  the  seaplane  is  running  on  the  surface 
is  specified.  The  infiuence  and  effects  of  steps,  ven- 
tilation, V-bottoms,  etc.,  are  taken  up.  The  value  of 
model-basin  tests  is  shown,  and  the  fallacy  of  re- 
quiring the  beam  to  be  directly  proportioned  to  the 
load  is  made  evident.  The  merits  of  the  central-float 
type  of  construction  are  explained;  also  the  advan- 
tage of  the  longitudinal  method  of  bottom  framing. 
Naval  seaplanes  used  during  the  war  are  illustrated 
and  described,  including  the  NC-1,  the  predecessor  of 
the  NC-4,  which  was  the  first  airplane  to  cross  the 
Atlantic. 

The  problem  confronting  the  Navy  was  largely  deter- 
mined at  the  time  the  United  States  entered  the  war  by 
the  fact  that  the  operations  of  the  German  and  Austrian 


^SupQrintendinar  constructor  of  naval   aircraft,   Buffalo  district, 
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fleets  had  been  reduced  principally  to  minor  raids  from 
the  fleet  bases  at  Kiel  and  Pola,  and  the  only  real  sea- 
going operations  comprised  the  activity  of  submarines. 

The  work  of  the  seaplanes,  therefore,  was  primarily 
reduced  to  that  of  cooperation  with  the  fleet  in  reducing 
the  submarine  menace.  This  naturally  led  to  the  estab- 
lishment of  coastal  stations  in  France,  Italy,  England, 
Scotland  and  Ireland.  In  these  operations  it  was  possi- 
ble to  operate  seaplanes  from  shore  bases  in  practically 
every  case,  and  the  development  of  work  with  the  fleet 
became  a  minor  consideration. 

Some  of  the  seaplane  bases,  however,  were  sufficiently 
close  to  enemy  territory  to  be  within  raiding  distance  of 
enemy  planes  of  both  land  and  water  types,  and  it  became 
necessary  for  the  Navy  to  extend  its  activities  to  the  use 
of  land  planes  for  the  protection  of  seaplane  bases,  while 
Naval  aviators  also  participated  in  big  bombing  raids  on 
German  and  Austrian  territory. 

I  refer  to  these  matters  in  this  general  way,  not  to 
describe  the  activities,  but  to  show  that  in  Naval  work 
both  land  and  water  planes  were  used,  and  why  the  Navy 
problem  was  in  general  restricted  to  operation  from  shore 
bases  rather  than  operation  from  ships.  Activities,  how- 
ever, were  not  confined  to  shore  bases  in  Europe.  Sta- 
tions were  established  on  the  Atlantic  coast,  principally 
for  the  purpose  of  submarine  patrol  and  for  convoy  work 
from  the  principal  ports  from  which  our  troops  and  sup- 
plies were  sent  abroad. 

Types  of  Planes  Developed 

The  work  of  seaplanes  abroad  was  that  of  submarine 
patrol  and  convoy  work,  and  this  having  been  deter- 
mined, all  efforts  were  made  to  obtain  the  most  suit- 
able seaplanes  for  the  service.  The  principal  work  was 
done  with  two  types  of  seaplanes,  namely,  the  HS-2,  the 
single-motored  plane  developed  from  the  HS-1,  and  the 
H-16,  a  copy  of  the  English  seaplane  of  the  same  type 
developed  as  a  result  of  Commander  Porte's  experience 
with  the  original  America  and  subsequent  types  de- 
veloped therefrom.  Finally,  the  F-5-L  type  was  de- 
veloped from  English  designs  for  manufacture  in  this 
country  by  the  Naval  Aircraft  Factory  at  Philadelphia. 
The  HS-2  and  the  H-16  have  proved  well  suited  to  the 
work  required,  but  the  F-5-L  did  not  enter  production 
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early  enough  to  get  into  active  service  before  the  armis- 
tice was  declared. 

The  Navy  did  not  attempt  to  develop  land  plane  types, 
but  accepted  and  used  those  which  had  been  developed 


The  HS-2  Navt   Servicjb  Plane  V7hich  Was  Developed  from  a 
Twin-Engined  Seaplane  Originally  Designed  for  the  Armt 

and  produced  for  the  Army,  adopting  for  this  purpose 
the  English  Handley-Page,  the  Italian  Caproni,  and  the 
Army  DH-4  and  DH-9. 

In  order  that  pilots  should  be  trained  for  this  service, 
it  was  necessary  to  adopt  training  planes,  and  for  this 
purpose  the  Navy  developed  and  used  the  Curtiss  N-9, 


The  HS-2-L  Seaplane  Used  by  the  Navy 

the  R-6  and  the  R-9,  the  Aeromarine  and  Boeing  sea- 
planes and  the  F-boat,  and  also  experimented  with  a 
number  of  miscellaneous  types,  such  as  the  Gnome  scouts, 
both  biplane  and  triplane  of  Curtiss  and  Thomas  manu- 
facture, and  the  Gallaudet  D-5.     The  most  successful 
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of  these  training  planes  was  the  N-9,  particularly  after 
the  original  float  had  been  modified  and  later  on  after 
the  substitution  of  the  Hispano  130-hp.  engine  for  the 
OXX  lOO-hp.  engine.  This  plane  was  a  biplane  tractor 
with  a  single  center  float,  having  wing-tip  balancing 
floats.     It  was  remarkably  strong  and  could  perform 


A  Thrbb-Quartbh  Front  Vibw  of  thx  H-16  Sbaflanb 

practically  all  sprts  of  maneuvers.  Although  in  training 
work  it  was  frequently  wrecked,  there  were  remarkably 
few  deaths  resulting.  This  I  attribute  to  its  moderate 
speed,  great  strength  of  construction  and  tractor  ar- 
rangement, which  made  it  suitable  for  training  purposes. 
As  soon  as  it  was  determined  that  seaplanes  of  the 


Thb  F-5  Seaplane  Used  by  the  Navy  » 

flying-boat  type  were  to  be  used  in  service  it  became 
necessary  to  provide  preliminary  training  in  a  type  of 
seaplane  which  more  nearly  represented  the  conditions  of 
operation  of  the  big  boats.    For  this  purpose  the  F-'boat 
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originally  developed  by  Curtiss  for  sporting  and  for  naval 
use  was  modified  and  adapted  to  instruction  purposes. 

I  shall  later  on  describe  and  illustrate  the  principal 
types  referred  to. 
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Typical  Motor  Charactbristic  and  Propeller 
Efficienct  Curves 

So  far  as  the  aerodynamical  and  mechanical  features 
of  construction  are  concerned,  seaplanes  differ  very  little 
from  airplanes,  the  principal  difference  being  the  use  of 
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the  landing  gear  suited  to  operation  from  the  surf^e 
of  the  water  instead  of  from  the  land.  The  proportions 
are,  naturally,  somewhat  different,  and  the  performance 
is  different,  primarily,  because  of  the  greater  inertia  due 
to  the  increased  weight  involved  in  the  seaplane  construc- 
tion. But  bearing  this  in  mind,  the  details  of  construc- 
tion of  seaplanes  are  substantially  the  same  as  those  used 
in  airplanes. 

Factors  Affecting  Performance 

It  will  now  be  of  interest  to  consider  the  principal 
factors  which  affect  performance,  as  it  is  necessary  to 
understand  these  completely  to  develop  a  design  which 
shall  perform  according  to  the  requirements  of  the  service 
intended.  For  the  purpose  of  illustrating  the  factors 
involved  I  have  prepared  a  set  of  performance  curves, 
which  I  believe  will  give  a  clear  insight  into  this  phase 
of  the  problem.  The  complete  calculation  of  the  curves 
shown  is  given  in  the  Appendix,  together  with  the  for- 
mulas involved  in  the  computations. 

The  performance  in  power  flight  is  determined  by  the 
horsepower  required  and  the  horsepower  available,  and, 
of  course,  the  latter  must  always  exceed  the  former  or 
power  flight  is  not  attainable. 

In  determining  the  power  required  there  are  two  prin- 
cipal factors  involved.  The  first  factor  is  that  of  the 
horsepower  required  to  propel  the  planes  with  their  load 
in  flight.  This  I  term  the  plane's  effective  horsepower. 
To  determine  it,  it  is  necessary  to  know  the  form  and  dis- 
position of  the  wing  surfaces  used,  as  well  as  the  aero- 
dynamic characteristics  of  the  wing  section  employed. 
The  lifting  power  of  the  wing  depends  on  the  area  and 
the  square  of  the  speed  of  advance,  and  its  resistance 
is  also  in  proportion  to  the  area  and  the  square  of  the 
speed  of  advance,  the  speed  of  advance  being  the  speed 
relative  to  the  air  itself  and  not  the  speed  over  the 
ground. 

The  lift  of  an  airplane  surface  and  its  resistance  to 
advance  are  determined  by  the  lift  and  drift  factors, 
which  vary  with  the  type  of  section  used  and  also  with 
the  angle  of  attack  at  which  the  surface  is  presented 
to  the  relative  stream  of  air.  It  has  been  found  by  ex- 
periment that  these  factors  are  influenced  by  the  propor- 
tion and  arrangement  of  the  surfaces,  the  best  results 


Digitized  by 


Google 


AIRPLANE   AND    SEAPLANE   ENGINEERING 


339 


being  attained  with  what  is  known  as  the  monoplane 
surface. 

Performance  is  improved  by  increasing  the  dimension 
of  the  wings  in  the  lateral  sense  over  that  of  the  fore- 
and-aft  dimension'.    The  ratio  of  these  two  dimensions 
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HoRsispowBR  Curves  of  the  RAF6  Biplane 

is  called  the  aspect  ratio.  As  the  aspect  ratio  is  in- 
creased, it  is  found  that  the  efficiency  is  improved  indefi- 
nitely. But  after  an  aspect  ratio  of  8  or  10  is  attained 
the  improvement  in  efficiency  becomes  less  and  less,  and, 
practically,  is  not  worth  going  after,  because  the  dimen- 
sions become  unwieldy  and  the  gain  in  lifting  power  and 
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efficiency  may  be  more  than  wiped  out,  due  to  the  in- 
creased weight  and  resistance  of  the  structure  required 
in  employing  it.  It  is  largely  on  account  of  this  diffi- 
culty that  the  biplane  and  the  triplane  have  been  used 
where  large  lifting  power  is  required,  even  though  in 
the  latter  cases  the  efficiency  of  the  surfaces  is  reduced 
because  of  interference  of  the  air  flow,  which  is  found  to 
depend  upon  the  gap  ratio.  By  this  is  meant  the  ratio  of 
the  distance  between  superposed  planes  to  the  chord 
length,  or  fore-and-aft  dimension  of  the  wings. 

Where  the  leading  edge  of  the  upper  plane  is  forward 
of  the  leading  .edge  of  the  lower  plane  the  efficiency  is 
improved  over  that  where  one  plane  is  immediately  above 
the  other,  and  conversely.  This  arrangement  is  referred 
to  as  stagger  and  the  condition  of  positive  stagger,  that 
is,  with  the  upper  wing  forward  of  the  lower  wing,  is 
generally  adopted  with  the  view  of  improving  efficiency. 
There  are  limits  to  its  usefulness  because  of  the  obliquity 
of  the  trussing  involved. 

Stagger  may  be  adopted  for  various  reasons,  such  as 
correcting  the  balance  of  an  airplane  in  which  the  actual 
location  of  the  center  of  gravity  does  not  conform  to  that 
originally  contemplated,  or  in  order  to  improve  the  view 
of  the  pilot  or  observer,  particularly  if  the  latter  is  also 
a  gunner. 

The  efficiency  is  improved  if  the  upper  plane  has  a 
greater  lateral  dimension  than  the  lower  plane.  This  dis- 
position is  known  as  overhang.  There  are  limits  to  the 
extent  to  which  this  can  be  employed,  on  account  of  the 
structural  difficulties  involved. 

In  the  normal  type  of  construction,  the  front  and  rear 
edges  of  the  wings  are  parallel,  although  it  is  found  that 
tapering  the  wings  to  a  smaller  fore-and-aft  dimension 
at  the  wing  tip  improves  efficiency.  This  arrangement  is 
not  satisfactory  from  a  manufacturing  point  of  view,  as 
it  involves  different  sized  ribs  at  every  station  in  the 
wings.  All  the  above  considerations  have  to  be  taken 
into  account  in  determining  the  form  and  proportion  of 
the  wing  surfaces. 

Another  factor  is  very  important,  that  is  the  travel 
of  the  center  of  pressure  on  the  wing  surfaces.  It  is 
found  that  where  wings  have  a  cambered  surface,  which 
is  usual  in  airplane  construction  because  of  the  superior 
lifting  power,  the  movement  of  the  center  of  pressure 
is  such  as  to  cause  longitudinal  instability.     Various 


Digitized  by 


Google 


AIRPLANE  AND   SEAPLANE  ENGINEERING  341 

devices  have  to  be  employed  to  overcome  this.  The  most 
satisfactory  and  usual  method  is  to  employ  an  auxiliary 
surface  at  the  tail  of  the  airplane  called  the  horizontal 
stabilizer,  and  the  best  conditions  for  stability  are  found 
when  this  rear  surface  has  a  smaller  angle  of  attack 
than  the  wing  surfaces  themselves. 

This  difference  of  angle  between  the  wings  and  the 
horizontal  stabilizer  is  termed  "longitudinal  dihedral." 
The  stiffness  or  steadiness  of  an  airplane  in  flight  de- 
pends on  the  area,  proportion,  section  and  angle  of  the 
rear  surface.  Where  great  stiffness  is  desired,  this  rear 
surface  may  even  assume  the  proportions  of  a  second  set 
of  lifting  surfaces  which  may  be  of  monoplane  or  biplane 
arrangement,  usually  of  smaller  dimensions  than  the  main 
planes.  Where  the  rear  surfaces  are  increased  to  nearly 
the  proportions  of  the  forward  surfaces,  the  tandem 
biplane  arrangement  is  approached. 

For  military  purposes  and  for  combating  rough  air 
conditions  it  is  found  desirable  to  have  initial  longitudi- 
nal stability,  but  it  is  undesirable  to  have  this  in  a  high 
degree  on  a  military  plane  in  which  steadiness  may  be 
essential  to  the  proper  operation  of  a  gun  or  of  a  bomb- 
dropping  device.  If  the  rear  surface  were  completely 
fixed  in  relation  to  the  forward  surface  it  would  be  possi- 
ble to  proceed  in  horizontal  flight  at  one  definite  speed 
only  for  the  load  carried,  and  ascending  or  descending 
could  be  accomplished  only  by  increasing  or  decreasing 
the  power,  or  by  decreasing  or  increasing  the  load.  These 
methods  of  control  are  not  sufficiently  accurate  or  active, 
and  it  is  much  more  satisfactory  to  use  additional  sur- 
faces, known  as  elevators,  appended  to  the  rear  margin  of 
the  horizontal  stabilizer,  which  by  modifying  the  action 
of  the  stabilizer  make  it  possible  to  proceed  in  horizontal 
flight  at  any  speed  from  the  minimum  to  the  maximum 
flying  speed,  or  to  cause  the  plane  to  rise  or  descend.  In 
some  airplanes,  in  order  to  get  the  maximum  of  maneu- 
vering ability,  the  horizontal  stabilizer  is  reduced  to  a 
very  smaU  area;  or,  even,  in  some  cases,  is  completely 
dispensed  with,  all  being  merged  in  the  elevator. 

In  the  original  Wright  machine  lateral  balance  was 
maintained  by  warping  the  wings,  but  this  method  is 
unfavorable  to  strength  in  large  structures,  and  the  use 
of  ailerons  for  this  purpose  has  now  become  general. 

In  flight,  airplanes  are  not  always  operated  so  that 
the  trajectory  conforms  to  the  axis  of  the  airplane,  par- 
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ticularly  when  turning  or  when  encountering  side  gusts, 
etc.  As  a  consequence,  unless  what  is  known  as  the  keel 
surface  of  the  airplane  is  distributed  equally  above  and 
below  the  center  of  gravity,  there  is  a  tendency  for  the 
airplane  to  roll  one  way  or  the  other,  depending  upon  the 
location  of  the  center  of  gravity  relative  to  the  center  of 
lateral  pressure.  To  compensate  for  this  effect,  or  to 
provide  lateral  stiffness  under  such  conditions,  it  is  usual 
to  provide  a  moderate  amount  of  what  is  known  as  lateral 
dihedral ;  that  is,  the  wing  tips  are  higher  than  the  center 
portion  of  the  wings;  or  else  skid  fins  are  placed  imme- 
diately under  or  above  the  upper  wings.  These  in  gen- 
eral have  the  same  effect  as  lateral  dihedral.  By  modify- 
ing this  arrangement  the  amount  of  lateral  stability 
can  be  controlled  to  any  desired  degree.  Again  for  mili- 
tary purposes  it  is  desirable  to  have  initial  later  sta- 
bility, but  not  to  such  a  degree  as  to  interfere  with  con- 
trollability of  lateral  balance. 

Directional  stability  is  also  affected  by  the  location  of 
the  center  of  side  pressure,  depending  upon  its  location 
fore-and-aft  of  the  center  of  gravity.  It  is  essential  for 
steady  flight  that  the  center  of  lateral  pressure  at  small 
angles  of  skew  should  not  pass  forward  of  the  center 
of  gravity.  To  accomplish  this  it  is  usually  necessary  to 
install  a  vertical  stabilizer  at  the  tail  of  the  airplane.  It 
is  again  desirable  to  have  initial  directional  stability. 
And  again,  in  a  military  plane,  it  is  undesirable  to  have 
this  to  such  a  degree  as  to  interfere  with  control  of 
direction.  As  the  airplane  is  symmetrical  relative  to  the 
vertical  fore-and-aft  plane,  it  is  unnecessary  to  provide 
any  equivalent  of  the  dihedral  effect,  and  it  is  only  neces- 
sary to  append  a  rudder  to  the  vertical  stabilizer  in  order 
to  control  direction.  In  some  planes,  where  extreme  ma- 
neuverability is  desired,  the  rudder  itself,  in  the  neutral 
position,  performs  the  functions  of  a  vertical  stabilizer 
as  well  as  that  of  a  rudder,  and  no  vertical  fixed  surface 
is  used. 

Location  of  Powerplant  and  Crew 

Having  given  due  consideration  to  the  influence  of  the 
proportion,  arrangement  and  disposition  of  the  main  sup- 
porting and  control  surfaces,  it  is  next  necessary  to  con- 
sider the  service  intended  and  the  location  of  the  power- 
plant  and  the  crew.  The  possible  arrangements  are  al- 
most infinite,  but  in  general  it  is  desirable  to  locate  the 
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pilot  centrally  where  he  will  have  a  proper  view  to  enable 
him  to  handle  the  airplane  to  the  greatest  advantage  and 
this  is  particularly  necessary  in  the  combat  plane.  It  is 
also  essential  that  the  gunner  shall  have  as  large  and 
unobstructed  a  view  as  practicable,  and  that  with  the  gun 
positions  selected  he  shall  be  able  to  cover  his  arc  of 
fire  and  as  much  of  the  surrounding  sphere  as  is  prac- 
ticable, in  order  that  there  shall  be  no  dead  spots  from 
which  the  enemy  may  approach  without  his  being  able 
to  return  the  fire.  This  sometimes  requires  that  the 
pilot  himself  shall  be  able  to  operate  guns  firing  dead- 
ahead,  or  that  additional  gunners  shall  be  placed  so  that 
they  can  cover  arcs  of  fire  not  possible  for  the  others  to 
cover. 

In  bombing  planes  and,  in  particular,  in  night  bombing 
ones,  this  requirement  is  of  less  importance,  and  the 
requirement  that  the  bomb  dropper  shall  have  a  proper 
view  for  the  operation  of  the  bomb  sights  becomes  of 
prime  importance. 

In  airplanes  designed  for  long-distance  flights  or  for 
bombing,  it  becomes  necessary  to  have  great  power  avail- 
able and  this  requirement  has  led  to  the  adoption  of  mul- 
tiple-unit powerplants.  Two,  three,  and  as  many  as  five 
powerplants  have  been  successfully  used  for  this  pur- 
pose. The  multiple-engine  plane  has  the  advantage  that 
in  case  of  damage  to  one  powerplant  it  is  usually  possible 
to  continue  flight  with  those  remaining;  or,  if  still  too' 
heavily  loaded  to  accomplish  this,  it  is  possible  to  glide 
for  a  long  distance  and  thereby  select  a  more  favorable 
landing  place,  and  often  to  avoid  landing  on  enemy 
territoly. 

All  these  and  many  other  considerations  enter  into  the 
disposition  and  arrangement  of  the  powerplant  and  fuse- 
lages, and  these  arrangements  themselves  have  an  influ- 
ence on  the  performance  of  the  wing  surfaces  because  of 
interferences  involved. 

By  winging  out  the  powerplants  a  more  favorable  load 
distribution  is  imposed  on  the  airplane  structure  and  ad- 
vantage is  taken  of  this  feature  in  designing  the  wing 
trussing.  The  effects  of  interferences  and  of  the  dispo- 
sition and  proportion  of  the  wings  or  bodies  and  auxil- 
iary surfaces  are  so  complex  that  unless  data  are  already 
available  from  similar  designs,  it  is  very  desirable  that 
the  resistance  and  lifting  power  of  the  complete  design 
should  be  determined  from  wind-tunnel  tests  of  a  model 
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carefully  constructed  to  scale  in  every  detail.  Such  model 
test  is  usually  deferred  until  the  design  has  approached 
some  definite  form  after  preliminary  estimates  have 
shown  that  it  is  capable  of  approaching  the  performance 
desired. 

Form  and  Proportion  of  Wings 

In  preliminary  estimates  the  influence  of  the  form  and 
proportion  of  the  wings  is  carefully  estimated,  and  from 
these  estimates  a  fairly  accurate  approximation  of  the 
horsepower  required  for  the  planes  is  derived.  To  arrive 
at  the  total  horsepower  required,  it  is  next,  necessary  to 
consider  the  horsepower  required  to  overcome  the  head 
resistance.  In  order  to  do  so,  it  is  necessary  to  have 
accurate  knowledge  of  the  resistance  of  all  elements  of 
the  airplane  structure  exclusive  of  the  wings,  which  are 
exposed  to  the  action  of  the  wind  in  flight. 

To  reduce  the  resistance  of  these  elements  to  a  mini- 
mum, streamline  forms  are  adopted  wherever  practicable, 
and  even  the  truss  wiring  is  made  up  of  streamline  form; 
or,  if  this  is  not  found  practicable  these  wires  are  cov- 
ered with  false  streamline  covers  of  wood  or  metal.  It 
is  found  that  the  reduction  in  resistance  more  than  com- 
pensates for  the  additional  weight  involved  in  applying 
these  false  covers. 

The  resistance  of  the  fuselages,  radiators,  engines,  tail 
control  surfaces,  elevator  rudder,  aileron  horns  and 
all  other  elements  is  computed  in  detail,  and  account  is 
also  taken  of  the  obliquity  of  these  elements  to  the  flow 
of  the  air.  Such  obliquity  is  found  to  exert  an  important 
influence  on  their  action.  For  preliminary  estimates,  it 
is  customary  to  determine  the  resistance  of  these  elements 
for  the  position  assumed  by  them  at  some  speed  inter- 
mediate to  the  low  flying  speed  and  to  the  high  speed 
attainable  with  full  power,  and  then  to  assume  that  the 
resistance  of  these  elements  is  proportional  to  the  square 
of  the  speed  for  speeds  above  and  below  the  intermediate 
speeds  selected.  This  is  most  handily  done  by  assuming 
that  the  resistance  of  these  elements  is  represented  by  a 
flat  surface  exposed  normal  to  the  wind,  which  would 
have  the  same  resistance  as  the  aggregate  of  these  ele- 
ments. This  suppositious  surface  is  what  is  referred  to 
when  we  speak  of  the  "surface  of  equivalent  head  re- 
sistance.''   In  the  example  which  I  have  chosen  to  illus- 
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trate,  "the  equivalent  head  resistance"  is  assumed  to  be 
20  sq.  ft.,  and  the  horsepower  required  to  drive  this  head 
resistance  through  the  air  is  indicated  on  the  curve  de- 
noted head  resistance  horsepower.  By  compounding  the 
ordinates  of  this  curve  with  the  ordinates  of  the  plane's 
effective  horsepower  curve  we  derive  the  total  effective 
horsepower  required  curve. 

We  have  next  to  determine  the  total  brake  horsepower 
available  in  order  to  determine  the  performance  of  the 
airplane.  To  determine  this  curve,  we  must  first  know 
the  full-throttle  characteristic  of  the  engines  to  be  used. 
This  characteristic  is  indicated  in  the  example  showing 
the  brake  horsepower  available  at  different  speeds. 

The  next  thing  to  be  determined,  and  the  one  having 
a  most  important  influence  on  the  performance  of  the 
airplane,  is  the  propeller  characteristic.  To  date  the 
progress  in  propeller  design  has  been  far  from  satis- 
factory, and  although  good  results  have  been  obtained, 
the  best  results  possible  have  seldom  been  approached. 
In  the  selection  of  the  propeller,  one  of  the  first  considera- 
tions is  to  determine  what  feature  of  performance  is 
most  important,  for  it  is  necessary  to  select  the  proper 
dimensions  with  a  view  to  gaining  the  best  results  for 
the  service  intended.  For  instance,  if  high  speed  is  of 
greatest  importance,  the  propeller  to  be  selected  will  differ 
materially  from  that  which  would  be  required  if  great 
climbing  power  is  desired,  because  the  greatest  climbing 
power  will  be  attained  at  a  speed  much  lower  than  the 
maximum  rate.  Or,  it  may  be  a  question  of  selecting  a 
propeller  which  will  give  the  greatest  efficiency  at  cruis- 
ing speed,  and  this  propeller  will  usually  differ  from  that 
selected  in  either  of  the  preceding  cases.  In  some  cases 
it  may  be  desirable  to  select  a  propeller  which  will  give 
the  best  all-round  performance  rather  than  for  a  par- 
ticular condition. 

In  seaplane  work  a  problem  arises  which  is  not  found 
in  the  land  airplanes.  This  problem  is  that  of  obtaining 
the  greatest  reserve  of  power  to  overcome  the  resistance 
of  the  float  system,  because  it  is  desirable  to  have  the 
greatest  possible  reserve  to  accelerate  rapidly  on  the 
water,  so  that  the  get-away  may  be  made  in  rough  water 
with  the  greatest  possible  rapidity,  thereby  reducing  the 
punishment  which  the  seaplane  suffers  under  such  con- 
ditions. For  a  heavily  loaded  seaplane  this  consideration 
may  be  of  vital  importance. 
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Efficiency  of  the  Propeller 

It  must  be  understood  that  the  efficiency  of  an  airplane 
propeller  is  absolutely  dependent  upon  its  speed  of  ad- 
vance through  the  air,  as  is  also  the  power  which  the 
propeller  absorbs  in  flight,  the  result  being  that  even 
though  the  full  throttle  is  used  the  engine  cannot  make 
its  full  revolutions  until  a  good  flying  speed  is  attained, 
with  the  consequence  that  full  power  of  the  engine  cannot 
be  realized  until  flying  speed  is  attained. 

The  efficiency  of  a  propeller  is  dependent  upon  a  func- 
tion of  the  velocity  and  the  number  of  revolutions  and 
the  diameter  of  the  propeller  represented  by  the  frac- 

V 
tion-^r=yr-.    Tho  efficiency,  the  torque  and  the  thrust,  the 

horsepower  absorbed  and  the  horsepower  delivered  are 
functions  of  this  quantity,  in  which  velocity,  the  number 
of  revolutions  and  the  diameter  must  be  expressed  in 
the  same  units. 

The  influence  of  this  factor  is  indicated  on  the  pro- 
peller efficiency  curve  based  on  the  values  of  the  fraction 
V 
•TTTT'    When  this  fraction   equals   0.2   the   efficiency    of 

the  propeller  indicated  in  the  example  is  only  37.5  per 
cent.  The  maximum  efficiency  is  attained  when  the  value 
of  this  fraction  is  0.59,  the  maximum  efficiency  indicated 
in  this  case  being  78.2  per  cent. 

In  the  example  chosen  I  have  used  a  Durand  propeller 
No.  8,  the  characteristics  of  which  havQ  been  determined 
by  wind-tunnel  tests,  as  given  in  report  No.  14  of  the 
proceedings  of  the  National  Advisory  Committee  for 
Aeronautics,  1914. 

To  derive  the  dimensions  for  this  propeller  I  have 
assumed  that  it  is  desired  to  attain  the  best  results  at  80 
miles  per  hr.  with  a  Liberty  engine  operating  at  1600 
r.p.m.  and  developing  380  b.hp.,  as  shown  by  the  engine 
characteristic.  In  Professor  Durand's  report  he  has 
adopted  Eifel's  logarithmic  chart,  and  I  shall  now  indi- 
cate how  the  diameter  of  the  propeller  is  determined. 

On  the  chart  at  a  speed  of  80  miles  per  hr.  erect 
an  ordinate  equal  to  380  hp.  taken  from  the  scale 
on  the  left  side  of  the  chart.  From  the  top  of  this 
ordinate  next  draw  an  oblique  line  parallel  to  the  line 
indicating  the  speed,  and  draw  this  line  of  such  a  length 
and  in  such  a  direction  as  to  represent  1600  r.p.m.  on 
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the  scale  starting  with  the  origin  at  1200  r.p.m.  From 
the  extremity  of  this  line  next  draw  a  line  parallel  to  the 
line  giving  the  diameter  scale,  and  taking  the  distance 
from  this  point  to  its  intersection  with  the  propeller 
characteristic  for  the  propeller  No.  8  we  find  that  this 
line  intersects  at  the  point  0.  Transferring  the  length 
of  this  line  to  the  diameter  scale  and  measuring  in  the 
direction  in  which  it  is  necessary  to  draw  this  line  to 
make  it  intersect  with  the  propeller's  characteristic,  we 
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Chart  for  Determining  the  Dimensions  of  Prop] 


find  that  the  proper  diameter  to  use  is  9.4  ft.,  indicating 
an  efficiency  of  69  per  cent.  By  the  use  of  this  ingenious 
chart  it  is  possible  to  select  a  proper  diameter  for  a 
given  set  of  conditions  by  a  simple  graphical  solution. 

The  diameter  now  being  determined,  it  is  next  neces- 
sary to  determine  the  performance  of  the  combined 
engine  and  propeller,  and  this  is  done  as  follows :  On  a 
transparent  sheet  of  paper  or  tracing  cloth  a  base 
line  is  drawn  and,  from  any  convenient  point  on  this 
line,  another  is  now  drawn  parallel  to  the  scale  of  pro- 
peller diameters  and  a  distance  is  laid  off  representing 
the  diameter  of  the  propeller  on  that  scale.    From  the 
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extremity  of  this  line  a  new  line  is  drawn  parallel  to  the 
scale  of  revolutions  per  minute,  and  on  this  line  is  indi- 
cated the  revolutions  per  minute  of  the  powerplant,  using 
the  scale  of  r.p.m.  for  this  purpose.  From  each  point 
representing  the  different  revolutions  vertical  ordinates 
are  now  drawn,  representing,  according  to  the  horse- 
power scale,  the  brake  horsepower  developed  by  the  en- 
gine at  these  revolutions,  and  through  the  points  so 
determined  an  engine  brake  horsepower  line  is  drawn. 

Next  place  this  diagram  on  top  of  the  logarithmic 
diagram  of  the  propeller,  placing  the  origin  on  the  base 
line  A  on  the  base  line  of  the  logarithmic  diagram  with 
the  point  A  at  the  speed  at  which  it  is  desired  to  deter- 
mine the  brake  horsepower  available.  The  propeller  effi- 
ciency, and  from  the  latter  the  effective  horsepower  avail- 
able, can  now  be  determined. 

This  construction  is  based  on  the  fact  that  the  horse- 
power absorbed  by  the  propeller  and  the  horsepower 
delivered  by  the  engine  must  agree.  Thus,  for  example, 
placing  the  point  A  at  a  speed  of  30  miles  per  hr.  it  is 
found  that  the  brake  horsepower  curve  of  the  diagram 
intersects  the  propeller  characteristic  and  the  engine 
characteristic  at  a  point  B,  indicating  that  the  engine 
will  make  1500  r.p.m.  and  develop  355  b.hp.  at  this  speed 
of  advance. 

By  drawing  a  vertical  line  through  this  point  of  inter- 
section of  the  two  curves  to  the  dotted  characteristic  of 
the  same  propeller,  the  effective  horsepower  developed 
by  the  propeller  can  be  determined.  This  can  also  be 
determined  by  measuring  the  distance  on  the  vertical  line 
between  the  full  line  and  dotted  line  representing  the  pro- 
peller characteristics.  By  transferring  the  length  of  this 
line  to  the  scale  of  efficiency,  the  propeller  efficiency  can 
be  determined. 

In  this  manner  the  brake  horsepower  available  and  the 
effective  horsepower  available  have  been  determined  and 
are  shown  on  the  horsepower  curves.  It  will  be  seen  that 
at  80  miles  per  hr.  the  engine  can  turn  the  propeller  at 
only  1500  r.p.m.,  developing  555  b.hp.  Also,  that  at  this 
speed  the  efficiency  is  only  35  per  cent  and  only  124  e.hp. 
is  available,  although  the  engine  is  developing  855  b.hp. 

Determining  Plane  Performance 

Having  now  determined  the  effective  horsepower  avail- 
able, we  are  ready  to  determine  the  performance  of  the 
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airplane.  It  will  be  noted  that  the  lowest  speed  indicated 
in  power  flight  is  58.5  miles  per  hr.  Thus  these  two 
points  of  performance  are  determined. 

The  climbing  power  of  the  airplane  with  full  power 
is  determined  by  taking  the  difference  of  the  effective 
horsepower  required  and  that  available  at  the  particular 
speed  at  which  the  airplane  is  flown  in  the  climb.  This 
difference  is  greatest  at  the  speed  of  73  miles  per  hr. 
The  climb  is  determined  from  the  reserve  effective  horse- 
power available,  which  in  this  case  is  76.  Multiplying 
this  effective  horsepower  by  33,000  and  dividing  by  the 
weight  of  the  airplane,  assumed  in  the  example  to  be 
6500  lb.,  it  is  found  that  the  initial  climb  should  be  386 
ft.  per  min. 

Further  inspection  of  the  curves  shows  that  the  mini- 
mum horsepower  is  required  at  a  speed  of  62  miles  per 
hr.  It  is  at  this  speed  that  the  airplanes  should  be 
flown  to  get  the  greatest  endurance.  If,  however,  it  is 
desired  to  get  the  greatest  range,  the  most  favorable 
speed  will  be  indicated  by  drawing  a  tangent  from  the 
origin  to  the  effective  horsepower  required  curve,  as  at 
this  point  the  most  favorable  ratio  is  attained  between 
velocity  and  horsepower  required. 

In  the  example  this  speed  is  found  to  be  higher  than 
the  speed  for  minimum  power  and  is  about  73  miles  per 
hr.  It  will  be  noted  that  the  tangent  to  the  curve  sub- 
stantially conforms  to  the  curve  over  the  range  of  speed 
from  70  to  76  miles  per  hr.  If  the  endeavor  is  being 
made  to  cover  the  greatest  possible  distance,  it  would 
be  desirable  to  select  the  higher  of  these  two  speeds,  for 
the  reason  that  at  the  higher  speed  the  controls  would  be 
more  effective;  the  flight  would  be  steadier  and  would  be 
accomplished  in  a  shorter  time. 

As  the  airplane  proceeds  its  weight  will  be  reduced 
because  of  the  consumption  of  fuel,  and  with  a  plane 
of  heavy  carrying  capacity  this  reduction  of  fuel  at  the 
end  of  a  long  flight  will  appreciably  reduce  the  load  and 
thereby  decrease  the  horsepower  required  for  flight. 

In  the  example  chosen,  I  have  indicated  the  horsepower 
required  when  all  the  fuel  is  used  up,  assuming  a 
weight  at  this  time  of  4500  lb.  In  this  condition  the  most 
eflftcient  speed  will  again  be  indicated  by  a  tangent  to 
the  origin,  and  in  the  example  this  speed  is  appreciably 
lower  than  that  indicated  for  the  full  load  condition, 
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being  ansrwhere  from  55  to  60  miles  per  hr.  At  inter- 
mediate stages  intermediate  speeds  will  be  found  the 
best  for  the  greatest  range.  This,  therefore,  indicates 
that  in  planning  a  long-distance  flight  due  account  should 
be  given  to  this  effect,  as  the  radius  of  flight  will  be  ap- 
preciably increased  if  proper  account  is  taken  of  the 
influence  of  change  in  weight.  To  be  exact,  the  tangent 
should  not  be  drawn  to  the  effective  horsepower  required 
curve,  but  to  a  set  of  curves  which  can  be  derived  from 
these  curves  indicating  the  fuel  consumption  at  different 
speeds  and  at  different  loads.  The  determination  of  the 
fuel  consumption  curves  is  a  simple  matter,  but  it  would 
take  more  time  and  space  than  I  consider  it  desirable  to 
give  in  this  paper.  I  can  state,  however,  that  the  favor- 
able speeds  for  long-distance  cruising  are  not  appreciably 
affected  by  using  these  fuel  consumption  curves  in 
preference  to  the  effective  horsepower  required  curves. 

The  computations  made  in  deriving  the  curves  shown 
have  been  based  on  the  Liberty  engine,  using  straight 
drive.  If  it  were  possible  to  have  available  the  same 
power  with  the  geared-down  propeller,  it  would  be  pos- 
sible to  greatly  improve  the  propeller  efficiency  and 
thereby  to  improve  the  performance  of  the  airplane  indi- 
cated in  the  example:  It  is  unfortunate  that  the  geared- 
down  engine  is  not  available  for  general  use,  as  the  per- 
formance of  practically  every  plane  I  know  of  using 
this  engine  in  our  country  would  be  materially  improved 

V 
by  its  use.    An  inspection  of  the  ^      efficiency  plot  will 

make  this  clear.  I  also  consider  it  unfortunate  that 
in  the  development  of  the  geared-down  Liberty  engines 
which  have  been  produced,  advantage  has  not  been  taken 
of  the  possibility  of  locating  the  propeller  more  centrally 
in  relation  to  the  engine  group,  because  of  the  advantages 
which  would  be  gained  in  streamlining.  This  engine  is 
extremely  awkward  to  streamline  in  its  present  form. 

Design  of  Seaplane  Floats 

I  will  now  proceed  to  the  consideration  of  some  of 
the  elements  of  design  of  seaplane  floats.  The  require- 
ments of  seaplane  floats,  because  of  the  nature  of  their 
use,  are  necessarily  conflicting,  and  the  best  that  can  be 
done  is  to  make  a  compromise,  bearing  these  in  mind. 
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The  first  requirement  of  a  float  is  that  it  shall  be  sea- 
worthy. This  requires  that  the  form  shall  be  properly 
proportioned  to  provide  good  initial  stability  and  a 
reserve  of  buoyancy.  This  is  necessary  to  obtain  a  re- 
serve of  stability,  as  the  seaplane  must  float  without 
capsizing  in  a  sea-way  and  in  strong  winds.  This  re- 
quirement in  itself  conflicts  with  airworthiness  and 
lightness  and  with  the  adoption  of  the  best  streamline 
form,  which  otherwise  would  be,  in  general,  a  form  simi- 
lar to  a  dirigible.  It  must  be  strong,  but  this  naturally 
conflicts  with  lightness.  It  must  also  have  good  plan- 
ing qualities,  and  this  requirement  conflicts  with  stream- 
line form.  Airworthiness  requires  that  it  should  have 
the  minimum  resistance  and  interfere  in  the  least  pos- 
sible degree  with  the  other  characteristics  of  the  s^ea- 
plane. 

In  order  to  develop  the  best  form  of  hull,  the  Navy 
Department  began  experiments  at  the  Washington 
model  basin  late  in  1911.  These  experiments  were  initi- 
ated by  Capt.  W.  I.  Chambers,  U.  S.  N.,  with  a  view  to 
the  use  of  hydroplane  blades,  such  as  had  been  used  by 
Forlanini,  and  to  improving  the  planing^  qualities  of  the 
then  existing  types  of  floats.  At  that  time  the  most  suc- 
cessful float  was  that  constructed  6y  Glenn  H.  Curtiss, 
having  a  simple  box  section  and  a  sled-form  profile.  At 
the  same  time  Burgess  had  developed  twin  floats  having 
a  single  step,  which  had  also  proved  successful. 

One  of  the  earliest  experiments  at  the  model  basin  was 
an  attempt  to  reduce  the  wetted  surface  to  a  minimum  by 
the  use  of  a  semi-circular  section  in  the  form  of  a  half- 
cylinder  whose  ends  were  pointed  like  a  projectile  to 
reduce  the  air  and  water  resistance.  It  was  for- 
tunate that  this  model  was  tried  among  the  first,  for 
its  trials  at  once  showed  up  a  factor  which  later  was 
discovered  to  be  of  the  greatest  importance,  this  factor 
being  suction,  due  to  downward  curved  surfaces  when 
exposed  to,  the  contact  of  water  at  high  speeds.  It  was 
at  once  realized  that  in  the  test  of  the  floats  due  allow- 
ance should  be  made  to  represent  the  change  in  load 
carried  by  the  float  as  the  speed  of  the  seaplane  increased 
and  the  lift  of  the  wings  became  an  important  factor,  and 
all  runs  at  the  model  basin  had  been  made  taking  ac- 
count of  this  and  determining  for  each  particular  speed 
the  "corresponding  displacement*'  of  the  float.  This  was 
originally  done  by  counterweighting  the  float  so  that  the 
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weight  resting  on  the  water  represented  that  which 
would  be  the  case  taking  into  account  the  auxiliary  lift- 
ing power  of  the  wings.  In  the  latest  form  of  apparatus 
for  testing  at  the  basin  this  confipensation  is  automatically 
made  by  the  use  of  an  inclined  vane  submerged  in  the 
model  basin,  which,  by  means  of  a  system  of  pulleys, 
exerts  a  lifting  power  which  is  proportional  to  the  lifting 
power  of  the  wings  at  the  speed  at  which  the  test  is  run. 

In  the  tests  with  the  semi-cylindrical  model  above  re- 
ferred to,  it  was  found,  as  anticipated,  that  the  resistance 
at  low  and  moderate  speeds  was  less  than  that  experi-^ 
enced  with  other  models,  but  as  one-half  of  the  speed  for 
the  get-away  was  approached,  and  therefore  the  float  car- 
ried only  three-quarters  of  the  original  load,  it  was 
found  that  the  resistance  of  this  model  instead  of  de- 
creasing, increased;  and  that  the  model,  instead  of  plan- 
ing, as  was  expected,  settled  into  the  water  and,  finally, 
at  the  get-away  speed,  with  no  weight  being  carried  by 
the  float  but  the  float  just  in  contact  with  the  water, 
the  influence  of  suction  was  so  great  that  this  model, 
instead  of  skimming  the  surface,  proceeded  to  envelope 
itself  in  water  and  was  drawn  down  so  sharply  by  suc- 
tion that  its  deck  was  flush  with  the  surface  of  the 
water  in  the  tank  and  great  sheets  of  spray  were  lifted 
clear  of  the  surface  of  the  model  basin. 

As  the  work  progressed  the  models  of  every  known 
successful  type  of  float  were  tried  in  the  model  basin, 
and  data  were  collected  as  to  the  performance  of  these 
models.  At  the  same  time  many  experimental  models 
were  tried,  and  when  these  showed  improvement  over 
existing  types,  full-sized  floats  were  constructed  and 
tried  out  in  actual  flight;  From  these  trials  it  was 
found  that  the  conditions  indicated  in  the  model  basin 
were  duplicated  in  practice  with  full  size,  and  it  was  seen 
that  the  model  basin  tests  formed  a  means  of  predicting 
the  performance  of  full-sized  floats. 

The  steps  of  the  Burgess  floats  were  ventilated,  and 
an  investigation  of  this  feature  showed  the  value  of  ven- 
tilation for  the  step-tjrpe  floats  then  in  use. 

All  sorts  of  bow  forms  were  tried  and  were  shown  to 
have  very  little  influence  on  performance.  The  use  of 
one,  two,  three  and  four  steps  was  tried,  and  the  indica- 
tions were  that  there  was  little,  if  any,  advantage  to  be 
gained  by  the  use  of  more  than  two. 

The  introduction  of  the  V-bottom  showed  promise  of 
improvement,  but  it  was  early  found  that  a  V-bottom 
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at  the  bow  was  invariably  associated  with  large  quanti- 
ties of  spray  which  would  flow  over  the  planes,  and  also, 
in  a  cross-wind  would  make  the  navigation  of  the  sea- 
planes very  uncomfortable.  It  was  found  by  making 
the  lines  hollow  at  the  bow  that  this  spray  could  be  held 
down  close  to  the  water,  and  in  some  later  designs  this 
hollowness  was  also  introduced  at  the  step,  apparently 
with  beneficial  results.  After  much  experimenting  it 
finally  became  apparent  that  the  best  form  of  hull  was 
that  embodying  the  single  ventilated  step,  in  which  the 
after  bottom^  rose  at  ah  angle  of  approximately  8  deg. 
to  the  bottom  just  forward  of  the  step.  The  reasons  for 
this  are  about  as  follows:  With  this  type  of  float  suf- 
ficient buoyancy  can  be  provided  abaft  the  step  to  elimi- 
nate the  necessity  of  tail  floats  for  stability.  It  was 
also  found  that  by  ventilating  the  step  the  water  flowing 
under  the  forward  bottom  flowed  over  the  st^  in  the 
form  of  an  inverted  waterfall  and  that  the  contact  of 
this  inverted  stream  moved  further  aft  as  the  speed 
increased  and  generally  passed  clear  of  the  tail  of  the 
float  just  before  planing  was  attained.  At  this  point 
maximum  resistance  was  encountered.  After  this  point 
was  passed  the  float  proceeded  to  plane  on  the  forward 
step,  and  because  of  the  raised  position  of  the  tail  of  the 
float,  it  was  then  possible  to  vary  the  trim  of  the  plane 
and  change  the  angle  of  attack  without  again  bringing 
the  tail  of  the  float  into  the  water.  Then  progressively 
as  the  speed  increased  to  flying  speed  the  planing  power 
of  the  portion  forward  of  the  step  increased  rapidly  and 
the  amount  of  wetted  surface  exposed  to  the  action  of 
the  water  was  rapidly  reduced,  and  the  resistance  of  the 
float  decreased,  until  flnally  at  the  get-away  the  water 
resistance  of  the  float  was  eliminated. 

The  best  results  are  obtained  where  the  bottom  of  the 
float  just  forward  of  the  step  is  substantially  parallel  to 
the  axis  of  the  seaplane.  This  portion  of  the  bottom 
should  have  no  curvature  for  a  distance  of  several  feet 
forward  of  the  step. 

Attempts  were  made  to  curve  up  the  portion  aba^t  the 
step  with  a  view  to  producing  a  better  streamline  form 
for  the  hull,  but  this  curvature  was  invariably  found  to 
produce  suction,  retard  planing,  and  in  many  cases  to 
augment  the  resistance  of  the  float  to  such  a  degree  as  to 
require  an  excessive  reserve  of  horsepower  in  order  to 
get  avay.  There  was  one  case  where  a  flying  boat  was 
built  with  very  moderate  curvature  abaft  the  step,  but 
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on  account  of  this  curvature  in  the  tail  was  unable  to 
leave  the  water  vnth  a  single  passenger.  Even  though  it 
could  get  up  to  a  speed  where  the  step  itself  was  clear 
of  the  water,  the  tail  would  still  drag  and  could  not  be 
drawn  out  of  the  water.  By  slightly  modifying  the  tail 
of  the  float  so  that  the  lines  abaft  the  step  were  straight, 
this  same  flying  boat  with  the  same  powerplant  was  able 
to  get  off  the  water  with  a  pilot  and  passenger. 

One  of  the  earliest  floats  tried  at  the  model  basin 
and  built  in  full  size  was  a  twin  float  having  a  sharp 
V-bottom.  The  lines  of  this  float  conformed  to  the  lines 
of  a  successful  gunboat,  and  it  was  very  prelty  and  clean 
in  its  action,  but  due  to  the  influence  of  the  curvature  of 
the  buttock  lines  at  the  stern,  suction  was  present  in  this 
model  and  an  airplane  fitted  with  these  floats,  although 
able  to  get  away  with  a  pilot,  was  unable  to  get  away 
with  a  pilot  and  passenger,  there  being  insufficient  re- 
serve power  to  get  over  the  hump. 

Until  very  recently  it  was  considered  that  so  many 
inches  of  beam  were  required  for  every  100  lb.  of  weight 
carried  by  the  float  in  order  to  attain  planing,  and  this 
criterion  has  led  to  the  adoption  of  the  great  beam  found 
in  the  F-5  and  H-16  and  HS-2  models.  But  experiments 
with  floats  suited  to  carry  1000  lb.  each  indfcated  that 
this  model  was  remarkably  satisfactory.  The  attempt 
was  therefore  made  to  enlarge  this  model  in  geometrical 
proportion  to  a  2000-lb.  float,  and  the  model  basin 
results  indicated  that  this  could  be  satisfactorily  done. 
Another  model  was  made  of  a  2000-lb.  float  and  be- 
haved satisfactorily.  This  same  model  was  expanded  to 
a  6000-lb.  float,  which  behaved  even  better  than  the 
original.  The  lines  of  the  N-9  float,  which  has  proved 
successful  in  our  training  program,  were  developed  from 
the  original  1000-lb.  float,  although  this  float  had  less 
beam  than  the  original  full-size  float  which  was  unsuc- 
cessful. As  a  result  of  these  trials,  I  now  consider  it 
to  be  conclusively  established  that  once  a  satisfactory 
float  is  developed  for  carrying  a  definite  load  under  given 
conditions,  the  same  design  can  be  used  for  larger  loads 
by  merely  expanding  the  original  lines  in  the  ratio  of  the 
cube  root  of  the  displacement  ratios. 

In  the  design  of  the  float  for  the  NC-1  this  principle 
was  used  and  the  model  tested  in  the  model  basin,  al- 
though only  one-twelfth  full  size,  gave  data  which  indi- 
cated satisfactory  performance.  These  data  hav^  been 
closely  verified  by  the  actual  performance  of  the  NC-1, 
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though  many  designers  were  skeptical  that  this  float 
could  handle  its  load  on  so  narrow  a  beam.  This  is  no 
greater  than  that  used  in  the  F-5 ;  the  F-5  carries  a  load 
of  only  13,000  as  against  over  22,000  lb.  carried  by  the 
NC-1. 

Results  of  Model  Basin  Tests  Compared 

The  dimensions  of  the  floats  and  the  seaplanes  they 
represented  were  so  different  that  to  get  a  comparison 
it  has  been  necessary  to  plot  these  results  on  non-dimen- 
sional scales.  It  will  therefore  be  noted  that  the  dis- 
placement of  the  hull  is  plotted  as  a  percentage  of  the 
total  displacement  based  on  a  percentage  of  the  get-away 
speed.  The  resistance  of  these  floats  is  indicated  by  a 
plot  of  the  ratio  of  the  displacement  to  the  resistance; 
also,  based  on  the  percentage  of  the  get-away  speed. 

Based  on  the  plot  of  a  successful  H-12  boat,  I  have 
plotted  the  resistance  and  the  horsepower  required  to 
overcome  this  resistance  for  the  sample  seaplane,  the 
horsepower  curves  of  which  I  have  already  explained,  and 
I  shall  return  to  those  plots  in  a  few  minutes.  Before 
doing  so,  however,  I  wish  to  invite  your  attention  to  the 
plots  of  models  of  the  original  NC-1  and  its  two  modifi- 
cations. You  will  note  that  the  resistance  of  the  original 
boat  was  nearly  one-quarter  of  the  displacement  at  40 
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per  cent  of  the  get-away  speed;  that  the  resistance  of 
the  first  modified  form  was  reduced  to  nearly  one-fifth 
of  the  displacement  at  about  47  per  cent  of  the  get-away 
speed,  and  the  resistance  of  last  modification  was  between 
one-fifth  and  one-sixth  of  the  displacement  at  about  52  per 
cent  of  the  get-away  speed.  Also,  the  displacement  in 
the  latter  case  is  less  than  in  the  preceding  cases. 

This  change  was  brought  about  as  follows:  The 
original  form  of  float  had  two  steps,  with  curvature  in 
the  middle  step  and  a  rank  up-curvature  in  the  rear  step. 
In  the  first  modification  the  rear  step  was  straightened, 
and  the  later  type  had  straight  lines  for  the  bottom  abaft 
the  first  step.  It  will  readily  be  seen  that  the  first  modi- 
fication was  an  improvement  over  the  original,  and  the 
second  modification  was  a  still  greater  improvement. 
These  models  represent  the  model  of  the  NC-1,  and  .there 
is  no  doubt  in  my  mind  that  if  the  original  model  had 
been  used  this  seaplane  could  not  have  got  off  the  water. 
Further,  the  influence  of  the  curved  portion  of  the  tail 
of  the  float  would  have  been  so  great  as  to  cause  the  ma- 
chine to  squat  so  badly  that  the  tail  surfaces  would  have 
been  caught  in  the  stream  of  water  rising  from  the  tail 
of  the  float. 

Let  us  now  return  to  the  horsepower  curves.  It  will- 
be  noted  that  the  resistance  of  this  seaplane  float  reaches 
a  maximum  at  a  speed  of  20  miles  per  hr.,  which  speed 
corresponds  to  the  point  at  which  planing  begins,  and 
that  there  is  a  secondary  hump  at  a  speed  of  40  miles 
per  hr.  The  get-away  speed  is  assumed  as  62  miles  per 
hr.  The  horsepower  curve  has  been  directly  derived 
from  the  resistance  of  the  float,  and  this  horsepower  must 
be  compounded  with  that  of  the  airplane'  progressing 
through  the  air.  The  horsepower  required  for  this  pur- 
pose is  determined  by  taking  the  horsepower  of  the  air- 
plane at  62  miles  per  hr.,  which  in  this  case  is  150  e.hp., 
and  noting  that  the  horsepower  for  the  wings  and  liead 
resistance  is  proportional  to  the  cube  of  the  speed.  We 
thus  derive  the  curve  of  the  total  air  e.hp.  required  for 
the  seaplane,  which  must  be  compounded  with  the  horse- 
power required  for  the  float,  thus  giving  us  a  total 
horsepower  curve  for  the  seaplane  for  speeds  below  the 
get-away  speed,  that  is,  while  still  in  the  water. 

From  an  inspection  of  the  horsepower  curves,  it  will  be 
seen  that  the  maximum  horsepower  for  the  float  is  re- 
quired at  a  speed  of  about  23  miles  per  hr.,  and  that  this, 
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compounded  with  the  horsepower  due  to  air  resistance, 
requires  88  hp.  at  this  speed. 

The  horsepower  for  planing  is  very  little  exceeded  by 
the  horsepower  available,  so  that  it  would  take  a  rela- 
tively long  time  to  pass  through  the  planing  condition; 
but,  after  this  point  is  passed,  the  seaplane  should  accel- 
erate rapidly  because  the  reserve  of  horsepower  available 
rapidly  increases  up  to  the  get-away  speed. 

There  is  a  secondary  hump  in  the  horsepower  curve  at 
60  miles  per  hr.  just  before  the  get-away  is  attained,  but 
this  secondary  hump  is  of  little  importance  as  there  is 
an  ample  reserve  of  horsepower  at  this  point. 

As  a  matter  of  interest,  I  have  investigated  the  im- 
provement in  performance  which  could  be  expected  if 
a  geared-down  engine  were  used,  assuming  a  ratio  of  0.6; 
that  is,  the  propeller  turning  at  0.6  of  the  revolutiona  of 
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the  engine.  With  this  gear  ratio  a  propeller  of  13  ft.  in 
diameter  is  indicated.  Such  a  propeller  at  a  speed  of  80 
miles  per  hr.*  would  show  an  efficiency  of  73  per  cent  as 
against  69  per  cent  for  the  9-ft.  diameter  propeller. 
This  gain  of  4  per  cent  at  80  miles  per  hr.  would  increase 
the  climb  by  more  than  11  per  cent.  It  would  have  little 
effect  on  the  speed,  as  the  horsepower  curve  is  very  steep 
in  this  region.  The  improvement  in  efficiency  at  20 
miles  per  hr.,  although  only  6  per  cent  would  mean  an 
increase  of  200  per  cent  in  the  reserve  of  horsepower 
to  get  over  the  hump  in  the  horsepower  curve  at  that 
speed.  You  will  therefore  see  why  in  Naval  work  the 
use  of  the  geared-down  propeller  offers  considerable  ad- 
vantage. The  substitution  of  the  geared-down  Liberty 
for  the  straight-drive  Liberty  engines  in  the  F-5  changes 
the  top  speed  of  this  seaplane  from  90  to  100  miles  per 
hr.  and  makes  the  get-away  of  this  seaplane  certain  and 
rapid  under  all  conditions,  whereas  the  straight-drive 
propellers  were  only  able  to  get  this  boat  away  with 
great  difficulty  in  a  calm. 

The  V-Bottom  versus  the  Flat 

Experiments  have  recently  been  made  at  the  model 
basin  on  a  series  of  models  having  different  angles  of 
V-bottom  from  the  flat  bottom  up  to  a  20-deg.  V,  and  it 
is  found  that  from  a  resistance  point  of  view  there  is 
very  little  difference  in  the  performance  of  the  four 
models  tried.  So  far  as  any  advantage  is  shown,  the 
deep-angle  V  has  slightly  the  best  of  the  argument. 
From  a  service  point  of  view  the  deep  V-bottom  has 
many  advantages ;  among  them  its  remarkable  '  shock- 
absorbing  properties  in  taking  care  of  bad  landings,  or 
in  getting  away  and  landing  on  a  rough  sea.  The 
V-bottom  also  permits  landing  across  the  wind  without 
serious  retardation  and  without  danger  of  capsizing  side- 
ways. This  type  of  hull  appears  to  absorb  the  shock 
by  penetration  and  reduces  the  loads  imposed  on  the 
bottom  planking  and  on  the  framing  supporting  this. 
Due  to  this  feature  there  is  no  need  of  carrying  shock 
absorbers  between  the  floats  and  the  rest  of  the  plane 
structure,  and  the  lightest  possible  construction  can  be 
adopted. 

The  first  hulls  built  in  this  country  had  an  elaborate 
framework  of  ribs  and  longitudinals  supporting  the  bot- 
tom planking,  which  afforded  a  regular  network  having 
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hundreds  of  intersections  requiring  fastening,  the 
fastenings  themselves  weakening  the  frames  and  the 
,  longitudinals  at  the  point  where  the  frames  carried 
concentrated  loads  on  small  areas  of  side  grain.  This 
type  of  construction  was  unnecessarily  heavy  and  costly 
and  was  abandoned  early  in  the  construction  of  pontoons 
of  Navy  design  in  favor  of  the  longitudinal  system  of 
support. 

In  the  longitudinal  system  of  support  the  inner  ply 
of  planking  is  run  athwartship  and  thereby  constitutes 
a  continuous  system  of  jribs.  This  system  is  further 
reinforced  by  the  outer  planking  run  45  deg.  to  the  keel, 
which  also  acts  as  a  continuous  system  of  ribs,  and  these 
two  systems  transmit  the  water  pressure  as  a  distributed 
loading  to  the  longitudinal  members,  which  do  not  have 
their  strength  robbed  by  a  series  of  notches.  The  lon- 
gitudinals are  arranged  so  that  they  collect  the  dis- 
tributed load  and  concentrate  it  at  points  of  support  in 
athwartship  bulkheads  and  these  bulkheads  in  turn  dis- 
tribute the  load  to  the  keel,  to  the  chine  stringers,  and  to 
the  deck  planking.  The  keel  itself  is  usually  associated 
with  a  center  longitudinal  truss.  Through  these  mem- 
bers the  load  is  finally  distributed  to  struts  or  directly 
to  the  wing  structure. 

On  a  large  scale  this  system  is  adopted  in  the  construc- 
tion of  the  hull  of  the  NC-1  which,  although  it  embodies 
other  features  than  those  necessary  to  support  the  bot- 
tom planking,  weighs  only  2600  lb.  while  it  carries  a 
load  of  22,000  lb.  This  hull  has  demonstrated  ample 
strength  in  landing  on  and  getting  off  an  8-ft.  cross  sea 
in  practically  dead  air,  where  the  landing  and  get-away 
were  both  made  under  the  hardest  conditions. 

A  controversy  has  existed  for  years  as  to  the  merits 
of  the  single  float  as  compared  with  the  twin  float,  but, 
based  on  the  experience  of  our  Navy  with  examples  of 
both  t3ri)es,  I  believe  that  the  central  float  with  wing-tip 
balancing  floats  is  decidedly  the  better  arrangement.  In 
the  central  float  system  the  loads  can  be  concentrated  on 
the  point  of  support,  whereas  in  the  twin-float  system 
the  loads  are  usually  concentrated  in  the  center  of  the 
span  and  the  wing  structure  has  to  be  utilized  to  gain 
the  necessary  stiffness  and  necessarily  has  to  be  made 
heavier.  In  the  center-float  type  if  a  single  propeller  is 
used  it  is  located  above  the  float  and  protected  from  the 
water,  whereas  in  the  twin-float  type  such  propeller  nec- 
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essarily  swings  over  the  gap  between  the  floats,  which 
subjects  it  to  punishment  by  spray  and  broken  water. 
In  landing  a  twin-float  seaplane,  unless  both  floats  arrive 
at  the  same  time,  the  second  float  invariably  strikes' 
harder  than  the  first,  being  slammed  down  on  the  water. 
Due  to  the  greater  lateral  stiffness  of  the  twin-float  sys- 
tem, when  getting  off  rough  water  the  seaplane  is  forced 
to  conform  in  its  attitude  to  the  form  of  the  surface 
and  wracks  and  lurches  violently  sideways  unless  going 
directly  across  the  crest  of  the  sea.  In  maneuvering  in 
the  air,  also,  the  separation  of  the  twin  floats  adds  con- 
siderably to  the  inertia  about  the  longitudinal  axis  and 
makes  the  action  of  the  ailerons  less  effective.  With  twin 
floats,  when  taxi-ing  across  a  strong  side  wind  the  lee 
float  must  have  at  least  100  per  cent  reserve  buoyancy, 
and  this  leads  to  greater  weight  than  is  necessary  with 
the  single  center-float  providing  the  same  stability. 

Types  op  Navy  Planes 

As  above  referred  to,  the  principal  types  of  service 
planes  used  by  the  Navy  were  the  HS-2,  H-16  and  F-6. 

The  HS-2  was  developed  from  an  original  twin- 
motored  seaplane  designed  for  the  Army,  which,  however, 
did  not  prove  successful.  It  was  originally  intended  to  be 
used  with  two  100-hp.  engines.  Later,  when  the  Navy 
took  hold  of  it,  the  Curtiss  VX3,  a  200-hp.  engine,  was 
used,  and  this  seaplane  gave  a  fairly  satisfactory  per- 
formance with  this  powerplant.  At  about  the  same  time 
the  Liberty  engine  became  available,  and  as  soon  as  it 
was  installed  it  was  found  that  this  performance  was 
very  much  improved  and  this  seaplane  was  capable  of 
flying  at  a  total  weight  of  about  5900  lb.  On  this  basis 
it  was  then  attempted  to  convert  it  into  a  military  ma- 
chine by  providing  the  necessary  guns,  bombs  and  other 
equipment.  After  everything  had  been  added,  it  was 
found  impracticable  to  carry  the  military  load  desired 
on  a  limit  of  5900  lb.  total  weight.  The  expedient  was 
therefore  adopted  of  adding  wing  surface,  and  the  origi- 
nal HS-1  thus  became  the  HS-2,  capable  of  carrying  a 
load  of  6500  lb.  with  practically  no  reduction  in  full  speed 
and  with  considerable  increase  in  climbing  power.  Many 
forced  landings  have  been  made  at  sea;  some  due  to 
powerplant  difficulties,  such  as  stoppage  of  fuel  supply, 
or  failure  of  the  engine  or  propeller,  and  sometimes  due 
to  head  winds  forcing  a  landing  on  a  return  trip  on 
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account  of  exhaustion  of  fuel.  Although  many  of  these 
landings  were  made  under  bad  weather  conditions  and 
in  rough  seas,  in  nearly  ever  case  landings  were  accom- 
plished without  serious  damage  to  the  hull. 

The  general  arrangement  of  this  seaplane  is  indicated 
in  the  illustration.  The  pilot  and  assistant  pilot  are 
seated  in  a  cockpit  just  forward  -of  the  wings,  from 
which  point  they  have  a  good  view  for  the  operating  pf 
the  seaplane.  A  radio  outfit  is  provided  just  forward  of 
the  pilot.  A  gunner's  cockpit  is  fitted  in  the  bow,  and 
this  cockpit  is  provided  with  a  gun  ring  and  Lewis  gun. 
This  gunner  has  a  very  good  range  of  fire,  particularly 
ahead  and  down  and  on  either  beam ;  also  upward  and  to 
the  rear  above  the  planes.  But  there  are  no  means  of 
firing  abaft  the  beam,  and  the  boat  is  unprotected 
against  attack  from  the  rear.  In  the  gunner's  cockpit 
are  also  fitted  the  bomb  pulls  and  the  sight  for  dropping 
the  bombs,  which  are  located  under  the  wings  just  clear 
of  the  hull.  On  account  of  its  undefended  condition 
against  attack  from  the  rear,  this  seaplane  was  not  used 
in  sectors  where  it  would  be  exposed  to  attacks  by  enemy 
aircraft,  but  there  were  many  places  abroad — ^and,  of 
course,  in  this  country — where  no  such  attack  was  prob- 
able and  where  it  proved  particularly  useful  in  submarine 
patrol  and  convoy  work.  This  seaplane  is  also  used  for 
instruction  purposes  as  an  advance  step  toward  handling 
the  regular  twin-motored  seaplanes.  The  HS-2  is  pro- 
vided with  a  single  Liberty  engine  and  a  pusher  propeller, 
and  has  very  satisfactory  air  maneuvering  qualities. 

The  H-16,  as  you  will  see,  was  a  twin-engined  sear 
plane  with  a  fiying-boat  hull,  using  tractor  propellers. 
The  pilot  and  observer  are  seated  in  a  cockpit  about 
half-way  between  the  bow  and  the  wings,  where  they 
have  an  excellent  view.  The  H-16  was  also  fitted  with 
a  gunner's  cockpit  the  same  as  the  HS-2.  In  addition,  a 
wireless  operator  was  carried  inside  the  hull  just  forward 
of  the  wings  and  back  of  the  pilots.  Abaft  the  wings  an 
additional  gun  ring  was  fitted  covering  the  arc  of  fire 
above  and  between  the  wings  and  the  tail  controls  and 
to  take  care  of  the  region  to  the  rear  and  below  the  tail 
controls ;  gun  mounts  were  also  fitted,  swinging  on  brack- 
ets through  side  doors  in  the  hull.  The  bomb  gear  was 
operated  from  the  forward  gunner's  cockpit  and  four 
bombs  were  carried,  two  under  either  wing.  This  tjrpe 
of  boat  proved  very  serviceable,  and  was  a  substantial 
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copy  of  the  same  tjrpe  of  boat  built  in  this  country  for 
England,  differing  only  in  minor  details  from  those  sup- 
plied to  England.  This  boat  was  really  a  successor  to 
the  H-12,  which  was  very  similar,  except  that  the  hull 
of  the  H-12  was  more  like  that  of  the  HS-2  both  in  con- 
struction and  in  the  form  of  the  planing  fins. 

As  you  vnll  note,  the  F-5  is  very  similar  to  the  H-16, 
being  approximately  10,  per  cent  larger  than  the  H-16, 
In  addition  to  this  increase  in  dimensions^  which  was 
made  to  afford  a  greater  military  load,  it  will  be  noted 
that  this  seaplane  has  balanced  wing-tip  ailerons  and 
also  a  balanced  rudder.  The  hull  form  is  practically 
identical  with  that  of  the  H-16.  The  principal  data  of 
all  three  of  these  boats  will  be  found  in  the  Appendix. 

A  little  over  a  year  ago  tHe  Navy  Department  decided 
to  build  a  large  seaplane  equipped  with  three  Liberty 
engines  and,  after  consultation,  a  contract  was  entered 
into  with  the  Curtiss  Aeroplane  &  Motor  Corporation 
and  a  design  was  developed,  under  the  supervision  of 
representatives  of  the  Navy  Department,  first  at  the 
Austin  Street  plant  of  the  Curtiss  corporation  in  Buf- 
falo and  later  at  the  Garden  City  plant  of  that  company. 
As  a  result,  the  NC-1  was  developed  and  built  and  has 
recently  undergone  trials  at  Rockaway  Beach. 

It  will  be  noted  from  the  illustration  that  this  seaplane 
is  neither  a  hydroplane  nor  a  flying  boat.  It  may  be  con- 
sidered a  compromise  between  these  two  types.  The 
three  engines  are  arranged  as  tractors  in  separate  na- 
celles placed  between  the  wings,  and  the  pilot  and  assis- 
tant pilot  are  located  in  a  cockpit  just  abaft  the  center 
motor.  One  gunner's  cockpit  is  located  on  top  of  the 
center  plane,  while  another  is  placed  in  the  bow. 
The  tail  is  of  the  biplane  type  and  supported  by  hollow 
spars  in  an  inverted  pyramidal  form  of  structure  rest- 
ing on  the  stem  post  of  the  hull.  The  pilot  and  observer 
have  an  entirely  satisfactory  view  for  general  maneu- 
vering and  for  landing  and  get-away.  It  was  contem- 
plated that  additional  gunners  would  be  placed  in  the 
after  portion  of  the  hull  with  guns  mounted  on  brackets 
so  that  they  could  cover  the  arc  of  fire  from  the  beam  to 
the  stem  and  downward;  also  that  this  seaplane  would 
carry  a  number  of  bombs,  together  with  a  non-recoil  gun 
of  large  calibre  at  the  bow.  Three  more  of  this  type  are 
under  construction,  and  advantage  is  being  taken  of  the 
opportunity  to  make  a  number  of  changes  which  it  is 
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believed  will  improve  performance  over  that  of  the  orig- 
inal. 

Future  Developments 

I  have  been  asked  to  incorporate  in  this  paper  some 
remarks  on  the  future  developments  for  the  Navy,  but 
as  these  more  properly  come  under  the  subject  of  opera- 
tions of  the  Navy,  on  which  subject  we  are  to  hear  from 
Commander  Towers,  I  shall  limit  my  comments  to  the 
statement  that  the  Navy  Department  fully  appreciates 
the  desirability  of  experimenting  with  a  view  to  improv- 
ing existing  types  and  the  development  of  new  types  of 
seaplanes  and  airplanes,  directed  to  the  solution  of  those 
problems  which  have  arisen  in  the  war  and,  more  par- 
ticularly, to  the  development  of  seaplanes  or  airplanes 
for  operation  with  the  fleet.  This  development,  as  I 
pointed  out  at  the  beginning  of  this  paper,  was  naturally 
set  aside  because  at  the  time  of  the  entry  of  the  United 
States  into  the  war  the  lines  on  which  development  was 
most  badly  needed  were  already  pretty  definitely  deter- 
mined and  there  was  almost  no  need  of  airplanes  for 
operation  with  the  fleet.  I  believe  that  much  larger  sea- 
planes are  possible  and  will  probably  be  found  useful 
for  Naval  work,  and  development  on  these  lines  may  rea- 
sonably be  expected. 

This  paper  has  already  reached  too  great  a  length  for 
me  to  enter  into  the  subject  of  structural  design,  which 
is  a  very  broad  subject  in  itself.  It  is  a  matter  of  inter- 
est to  know  that  so  far  as  this  branch  of  aeronautic 
engineering  is  concerned,  very  satisfactory  progress  has 
been  and  is  being  made,  and  along  these  lines  some  of 
the  greatest  improvements  in  the  near  future  may  be 
expected.  So  far  as  aerodynamic  engineering  is  con- 
cerned, wind-tunnel  experiments  and  full-sized  experi- 
ments have  now  brought  this  branch  to  a  very  satisfac- 
tory state,  so  that  the  performance  of  a  new  design  can 
be  very  definitely  determined,  even  before  construction 
is  begun.  So  far  as  the  engineering  features  of  float 
design  are  concerned,  I  believe  important  progress  has 
been  made  through  the  demonstration  that  model  basin 
data  can  be  accurately  applied  to  full-sized  design. 

Appendix 

The  tables  appended  give  the  calculations  for  the  per- 
formance curves  of  a  seaplane  with  a  biplane  arrange- 
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ment  of  RAF  6  wings  and  a  head  resistance  of  20  sq.  ft. 
In  these  calculations  the  following  formulas  were  used: 

T  =  W'^^V'=  —EHP=  — 
Km  KtfS  376 

W=:  Weight  in  pounds 

T  =  Thrust  in  pounds 

V  =  Velocity  in  miles  per  hour 

S  =  Wing  surface  in  square  feet 
Km  =  Drift  factor  for  biplane  arrangement 
K^  =  Lift  factor  for  biplane  arrangement 
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The  float  EHP  for  an  H-12  seaplane  weighingTJSOO  lb. 
and  having  a  get-away  speed  of  62  miles  per  hr.  is  given 
on  page  369  for  varying  percentages  of  the  get-away 
speed. 

THE    DISCUSSION 

Grover  G.  Loening: — An  interesting  point  that  ap- 
pears from  the  tables  is  that  in  the  case  of  the  HS-2  for 
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example  the  machine  in  flight  weighs  something  like  18 
lb.  per  hp.  and  yet  with  this  high  load  has  a  high  speed 
of  91  m.p.h.  An  equally  high  efficiency  is  true  of 
the  NC-1  and  indicates  quite  contrary  to  general  be- 
lief that  the  aerodynamic  efficiency  of  the  U.  S.  Navy 
flying  boat  design  is  every  bit  as  good  as  the  fast  land 
scouts,  based  on  the.  criterion  of  pounds  per  horsepower. 
What  is  true  of  the  small  machine  in  increasing  its  per- 
formance by  the  refinement  of  design  should  be  equally 
true  of  a  large  machine  like  the  NC-1,  and  it  would  be 
interesting  to  have  some  information  on  the  possible  in- 
crease in  load  carrying  and  speed  merely  by  eliminating 
many  of  the  struts  and  wires  still  present  in  this  tjrpe 
of  craft.  The  paper  presents  briefly  the  usual  accepted 
comparisons  of  the  monoplane,  biplane  and  triplane,  with 
the  indication  that  the  biplane  and  triplane,  are  neces- 
sary for  large  lifting  power  and  in  large  size  due  to  the 
structural  difficulties  of  monoplane  t3i)es,  even  admitting 
their  higher  efficiency.  From  work  already  done  on  the 
monoplane  type  with  rigid  bracing,  I  do  not  agree  with 
this  point  of  view  and  feel  that  study  and  effort  applied 
to  the  large  monoplane  would  give  some  astonishing  re- 
sults in  the  improvement  of  speed  range.  Neither  have 
I  been  able  to  find  any  greater  structural  limitations  to 
the  size  of  monoplanes  than  are  found  in  other  t3i)es  of 
machines. 

Capt.  W.  I.  Chambers: — As  to  the  most  serviceable 
seaplane  type  at  present,  I  can  conceive  of  the  service- 
ability of  the  following  general  outline:  (a)  One  middle 
float  entirely  enclosed,  without  cockpits,  machinery  or 
cargo  capacity;  (6)  a  short  middle  fuselage  located 
above  the  middle  float,  with  engine,  pusher  propeller, 
cargo  space  and  forward  gun  mount;  (c)  two  wing 
fuselages,  forming  supports  for  the  tail,  a  la  Ccuproni, 
each  with  engine  tractor  propeller  and  rear  gun  mounts ; 
(d)  two  smaller  wing  floats  for  balancing  purposes,  not 
at  the  wing  tips,  but  located  under  the  tractor  propel- 
lers of  the  wing  fuselages;  (e)  the  tail  planes  com- 
paratively near  the  main  ones  and  rigged  so  that  they 
may  be  utilized,  in  a  flxed  position,  to  afford  inherent 
stability  on  long  steady  flights  and  yet  be  capable  of 
mobility  in  response  to  any  demands  for  quick  maneuver- 
ing. While  I  do  not  suggest  any  finality  as  to  model  or 
type  of  either  powerplant  or  rig  of  the  planes,  I  do  not 
hesitate  to  predict,  however,  that  future  modification  and 
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improvement  will  depend  more  upon  further  improve- 
ment of  the  powerplant  than  on  any  other  factor.  Great 
improvements  in  this  part  of  the  aircraft  are  due,  and 
each  decisive  step  will  result  in  a  modification  of  airplane 
types  for  each  specific  purpose. 

Orville  Wright: — Commander  Richardson's  figures 
for  the  performance  of  propellers  are  based  on  tables  de- 
rived from  experiments  with  models.  The  trouble  with 
tables  of  this  kind  comes  from  the  fact  that  it  is  most 
difficult  to  determine  the  exact  value  of  each  pf  the  fac- 
tors which  play  a  part  in  the  propeller's  efficiency.  The 
tests  are  made  with  several  variable  factors,  so  that  the 
measurements  secured  really  show  the  result  of  the  sum 
of  these  variables.  The  exact  value  of  each  one  is  not 
determined.  I  am  of  the  opinion  that  much  closer  cal- 
culations can  be  had  from  a  theoretical  consideration  of 
the  reactions  that  must  take  place  in  a  propeller.  Com- 
mander Richardson  finds  that  a  propeller  9.4  ft.  in 
diameter,  driven  by  a  Liberty  engine,  turning  at  1600 
r.p.m.  and  developing  380  b.hp.,  in  traveling  forward  at 
a  speed  of  80  miles  per  hr.,  would  have  an  efficiency  of 
69  per  cent,  or  a  loss  of  only  31  per  cent.  I  believe  it 
can  be  shown  that  the  loss  from  slip  alone,  without  con- 
sidering any  of  the  other  losses,  which  also  would  be 
great,  would  be  more  than  the  amount  he  has  found. 

When  the  thrust  is  known  the  slip  can  be  determined 
easily,  because  slip  is  merely  the  acceleration  imparted 
to  a  mass  of  air  by  the  impact  of  the  propeller  blades. 
Slip,  therefore,  must  be  equal  to  V  =  y/2gh,  in  which  V 
is  the  velocity;  g,  gravity  or  32.17  ft.  per  sec.;  h,  head  or 
pressure.  Air  at  sea  level  may  be  considered  as  weighing 
0.0762  lb.  per  cu.  ft.  or  13.123  cu.  ft.  of  air  weighs  1  lb. 
Hence  a  pressure  of  1  lb.  per  sq.  ft.  would  accelerate  air 
at  sea  level  to  velocity  equal  to 

V2  x  32.17  x  13.123  ft.  per  sec. 
But  it  is  well  known  that  the  rate  of  acceleration  is  di- 
rectly proportional  to  the  force  and  inversely  proportional 
to  the  mass.  Therefore  acceleration  will  be  proportional 
to  the  pressure  divided  by  the  volume  of  air.  The  pres- 
sure of  1  lb.  per  sq.  ft.  will  accelerate  844  cu.  ft.  of  air 
to  a  velocity  of  1  ft.  per  sec.  or  1  cu.  ft.  of  air  to  844  ft. 
per  sec.  The  acceleration  imparted  to  any  other  number 
of  cubic  feet  of  air  can  be  expressed  by  the  formula 

A      1      xj  844  X  pressure  in  lb.  per  sq.  ft. 

Acceleration  = 7^-31 — 3—: tj — ^^ 

Ca.  ft.  of  au:  acted  on 
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The  number  of  cubic  feet  of  air  acted  on  per  square 
foot  of  disk  area  of  a  propeller  is  equal  to  the  distance 
the  propeller  moves  f  oi^ard  plus  the  acceleration  or  slip 
of  the  air  acted  on.    Therefore 

-,.    _  844  X  thrust  in  lb.  per  sq.  ft.  of  disk  area 
^  ^  Advance  in  ft  +  slip  in  ft 

If  the  propeller  considered  by  Commander  Richardson 
had  an  efficiency  of  69  per  cent  at  80  miles  per  hr.  it 
would  have  a  thrust  of  1229  lb.  Therefore  the  thrust 
would  be  17.72  lb.  per  sq.  ft.  of  disk  area.  In  the  formula 
for  slip  just  given,  substituting  17.72  for  the  thrust  in 
lb.  per  sq.  ft.  of  disk  area,  and  117.28  for  the  advance, 
we  find  the  slip  equals  76.96  ft.,  a  loss  of  39.62  per  cent. 
It  is  therefore  evident  that  it  would  be  impossible  to  se- 
cure an  efficiency  of  69  per  cent  with  any  propeller  of 
9.4-ft.  diameter  consuming  380  hp.  while  advancing  80 
miles  per  hr.  I  have  made  a  rough  calculation  of  the 
performance  such  a  propeller  should  give,  based  upon  the 
propeller  being  considered  merely  as  airfoils  traveling 
in  a  spiral  course.  A  propeller  9.4  ft.  in  diameter  work- 
ing under  the  conditions  stated  would  have  a  thrust  of 
approximately  930  lb.;  the  slip  would  amount  to  35  per 
cent  of  the  total  amount  of  air  the  propeller  travded 
through,  and  the  efficiency  of  the  angle  of  advance  would 
be  80  per  cent.  The  total  efficiency  would  therefore  be 
0.65  X  0.80  or  52  per  cent. 

.Commander  Richardson  uses  a  method  of  calculating 
the  rate  of  climb  of  an  airplane  which  seems  of  doubt- 
ful value.  He  makes  no  allowance,  so  far  as  I  can  see, 
for  the  extra  loss  in  efficiency  of  a  propeller  when  climb- 
ing. The  thrust  in  climbing  must  be  approximately  equal 
to  the  thrust  when  flying  at  the  same  speed  on  a  hori- 
zontal course  plus  the  total  weight  of  the  machine  multi- 
plied by  the  sine  of  the  angle  of  climb.  It  is  apparent 
that  if  the  machine  were  to  climb  in  a  vertical  course  the 
propeller  thrust  would  necessarily  have  to  be  equal  to  the 
entire  load  of  the  machine.  On  an  inclined  course  the 
propeller  would  have  to  bear  a  proportion  of  the  entire 
load  plus  the  thrust  necessary  to  give  the  machine  the 
desired  speed.  When  climbing,  the  propeller  efficiency  is 
especially  low  in  small-diameter  propellers,  because  on 
account  of  the  extra  load  imposed,  the  slip  becomes  ex- 
cessive. 

Commander  Richardson: — A  great  amount  of  theo- 
retical work  has  been  done  on  propellers,  taking  it  from 
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all  points  of  view,  but  in  my  opinion  none  of  these  meth- 
ods of  analysis  is  as  satisfactory  as  the  v^ind-timnel 
methods,  because  even  the  theoretical  investisifttiqns 
require  the  use  of  coefficients  which  must  be  developed 
from  experience  or  practice.  And  I  believe  that  when  a 
propeller  shows  59  per  cent  efficiency  in  a  wind-tunnel 
test,  where  the  quantities  can  be  actually  measured, 
this  is  the  real  efficiency  of  the  propeller  in  question  un- 
der the  conditions  of  the  test,  and  no  amount  of  mathe- 
matical or  theoretical  investigation  will  convince  me  to 
the  contrary.  The  airplane  horsepower  required  curve 
shows  the  horsepower  required  to  propel  the  plane  at  any 
angle  of  attack,  and  this  is  relative  to  the  air  and  re- 
gardless of  the  path  of  the  plane.  The  horsepower  avail- 
able depends  on  the  characteristics  of  the  powerplant,  in- 
cluding the  engine  and  propeller  and,  as  I  clearly  dem- 
onstrated, the  propeller  efficiency  is  a  function  of  the 
speed  of  advance  or  the  quantity  V/ND.  The  curve  of 
horsepower  required,  therefore,  shows  at  any  particular 
speed  of  advance  of  the  airplane  the  actual  horsepower 
effectively  delivered  by  the  propeller,  and  the  difference 
between  the  power  required  to  propel  the  plane  and  the 
actual  power  delivered  is  available  for  lifting.  The  brake 
horsepower  required  of  course  is  much  greater,  but  in 
the  computation  of  the  horsepower  available  the  effects 
of  the  reduced  speed  in  the  climb  are  taken  care  of.  The 
propeller  chosen  for  the  example  was  selected  for  the 
purpose  of  illustration  and  not  because  it  was  the  most 
efficient  possible.  Both  Eiffel's  and  Durand's  experiments 
have  shown  that  efficiencies  as  high  as  80  per  cent  are 
entirely  possible. 

I  am  glad  to  note  that  Mr.  Loening  considers  that  his 
monoplane  t3i)e  of  structure  can  be  developed  to  take 
care  of  great  loads.  I  have  not  personally  investigated 
the  possibilities  of  such  a  structure  for  heavy-load  carry- 
ing, and  I  may  be  conservative  in  assuming  that  when 
great  loads  are  to  be  carried  it  will  be  found  that  the 
conventional  truss  arrangement  of  the  biplane  structure 
will  be  found  more  economical  as  to  weight  of  structure 
and  equally  efficient  aerodynamically  where  proper  care 
is  used  in  streamlining  all  the  elements  involved. 
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By  Commander  J  H  Towers,  U  S  N 

THIS  article,  written  shortly  after  the  signing  of 
the  armistice,  deals  with  the  Naval  aviation  situa- 
tion at  the  outbreak  of  war  and  its  development  dur- 
ing the  war,  ending  with  a  brief  discussion  of  the  prob- 
able future  lines  of  development.  Figures  are  given 
showing  the  expansion  occurring  during  the  nineteen 
months  of  warfare,  and  the  different  ways  in  which  the 
various  types  of  aircraft  were  used.  Future  develop- 
ment is  treated  briefly,  but  that  logical  assumptions 
were  made  is  indicated  by  the  fact  that  the  year  which 
has  elapsed  since  the  article  was  written  has  shown  a 
very  decided  trend  along  the  lines  indicated. 

The  purpose  of  this  talk  on  the  operations  of 
Naval  aircraft  is  to  give  a  general  idea  of  what  this 
part  of  the  Navy  accomplished  during  hostilities 
and  what  may  be  expected  from  it  in  the  near  future. 
To  make  the  subject  entirely  clear  it  will  be  necessary 
to  give  a  few  statistics,  but  in  general  such  details  will 
be  avoided.  I  should  add  that  the  operations  of  the 
Marine  Section  and  of  certain  Coast  Guard  personnel 
are  included  in  this  account. 

At  the  declaration  of  war  the  Navy  had  only  one  air- 
craft station,  twenty-two  training  seaplanes,  and  a  total 
of  thirty-eight  aviators.  It  had  no  seaplanes  fit  for  serv- 
ice use.  Its  so-called  lighter-than-air  equipment  was 
negligible.  It  was,  of  course,  realized  that  Naval  aircraft 
would  be  required,  but  when,  where  and  in  what  quan- 
tity, nobody  could  say.  The  proposed  Army  aviation 
program  was  at  this  time  overshadowing  everything  else, 
and  very  few  people  realized  that  the  Navy  would  have 
to  embark  on  a  schedule  in  any  way  comparable  with  that 
program.  Additional  orders  were  placed  for  training 
seaplanes  and  lighter-than-air  craft.  Additional  flying 
schools  were  opened,  and  enrollment  in  the  Naval  Reserve 
Flying  Corps  was  really  begun.  A  special  board  of  offi- 
cers was  sent  abroad  to  study  foreign  types,  and  about 
this  time  the  French  Navy  requested  the  sending  of  a 
detail  of  trained  and  student  aviators  to  France  for  fur- 
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ther  instruction,  to  assist  eventually  in  combating  the 
submarine  along  the  French  coast.  It  is  interesting  to 
note  that  this  detail  of  Naval  aviators  was  the  first  or- 
ganized American  force  to  land  on  French  soil. 

Adoption  of  Naval  Aircraft  Program 

When  the  board  returned  from  abroad,  with  even  more 
startling  facts  than  we  had  theretofore  had  regarding 
the  submarine  menace  and  the  efficacy  of  aircraft  in 
dealing  with  it,  it  became  obvious  that  we  must  not  only 
put  over  aircraft  of  a  type  f^r  superior  to  any  we  then 
had  in  the  Navy  but  also  get  them  out  in  what  at  that 
time  appeared  to  be  astounding  quantity.  After  what 
might  be  termed  a  heartbreaking  session,  lasting  late 
into  the  night,  a  definite  program  of  types  was  decided 
upon,  and  that  program  was  adhered  to  through  many 
periods  of  doubt  and  criticism.  This  adherence  resulted 
in  uninterrupted  production,  and  the  performance  of 
the  aircraft  vindicated  those  who  were  responsible  for 
the  selection  of  the  types. 

From  this  time  on  the  situation  developed  rapidly,  and 
by  late  summer  the  Navy  was  embarked  on  an  astonish- 
ingly large  aviation  program  on  both  sides  of  the  At- 
lantic. When  the  armistice  was  signed  there  were  in 
operation  twenty-eight  U.  S.  Naval  Air  Stations  abroad, 
thirteen  in  the  United  States  and  insular  possessions 
and  two  in  Canada  and  twelve  land  squadrons  for  special 
offensive  operations  against  submarines  at  their  bases, 
to  say  nothing  of  the  numerous  schools,  storehouses,  as- 
sembly plants,  repair  depots  and  the  aircraft  factory, 
etc.,  required  to  furnish  the  necessary  facilities  for  the 
operation  of  these  stations.  The  total  aviation  personnel 
numbered  over^*  42,000,  a  figure  nearly  as  large  as  the 
total  personnel  of  the  entire  Navy  at  the  outbreak  of 
the  war.  Our  problems  of  supply  were  very  difficult,  as 
the  primary  function  of  the  stations,  which  was  the 
"strafing"  of  submarines  and  the  protection  of  shipping, 
necessitated  the  location  of  stations  at  strategic  points, 
regardless  of  communications.  These  locations  abroad 
extended  from  the  northern  end  of  Ireland  to  the  southern 
part  of  Italy,  and  included  the  Azores.  Eight  were 
located  on  islands  offshore,  necessitating  considerable 
special  water  transportation.  Very  few  were  in  settled 
communities ;  hence  they  were  compelled  to  be  completely 
self-sustaining. 
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Little  has  been  published  as  to  the  nature  and  extent 
of  Naval  aircraft  operations  during  hostilities.  As  I 
stated  before,  our  primary  mission  v^as  the  destruction 
of  the  enemy  submarine,  wherever  it  could  be  found, 
and  second  only  to  this  v^^as  the  protection  of  supply  and 
troop  ships.  The  primary  mission  was  purely  offensive, 
and  its  execution,  rather  varied  in  form,  was  as  fol- 
lows: 

Routine  overseas  patrols 
Emergency  or  S.O.S.  patrols 
Bombing  submarines  in  their  bases 

Seaplanes  of  large  cruising  radius  and  airships  were 


The    Navy    Dirigible    C-1    Arriving    at    Key    West    Upon    the 
Completion  of  Its  Flight  from  Rock  a  way  Bfjich,  N.  Y. 

used  for  routine  patrol.  Each  station  had  a  zone  as- 
signed to  it  and  covered  that  zone  as  thoroughly  as 
possible  from  daylight  to  dark.  The  patrol  routes  were 
so  laid  out  that  the  greatest  area  was  covered  with  the 
least  possible  mileage,  and  each  seaplane  traversed 
courses  which  were  carefully  laid  down  in  the  flight  in- 
structions to  the  pilot.  These  aircraft  were  armed  with 
bombs  of  either  230  or  500  lb.  and  also  with  machine 
guns  for  use  against  the  submarine  crews  encountered 
on  the  surface  or  against  hostile  aircraft.  The  seaplanes 
would  stay  out  from  4  to  9  hr.,  depending  on  the  dis- 
tance they  had  to  cover,  and  the  airships  sometimes 
stayed  out  over  40  hr.  In  some  cases  these  patrols  took 
the  seaplanes  near  islands  where  rest  or  refueling  sta- 
tions were  provided,  as  at  Bimini  in  the  Bahamas.   The 
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erection  of  these  auxiliary  stations  resulted  in  practi- 
cally doubling  the  extent  of  operations  in  these  localities. 

A  Typical  Day's  Work 

Following  is  a  sample  of  a  pilot's  log  for  one  day,  March 
15,  1918: 

Called  at  4  a.  m.  for  inner  patrol  in  H-12  No.  4545 

6:30  Left  water— dark 

6:10  Sighted  Kentish  Knock  Light  Vessel 

6:40  Sunrise 

7:10  Sighted  torpedoed  British  destroyer  F-90  being 
towed  toward  Harwich  by  torpedo  boat  destroyer 
F-31 

7:10-7:30  Searched  area 

8:15  Shipwah  Light  Vessel 

8:25  Sighted  two  Hun  mines — sank  them  both— <ma- 
chine-gun  fire.  Reported  their  position  to  base  by 
wireless  telegraph 

8:40  Six  trawlers  sweeping 

9:00  Sunk  Light  Vessel 

9:20  Landed 

2:00  p.  m.  Three  machines  left  water— No.  4280,  Capt. 
Gordon — 4285,  Capt.  Webster — 4290,  Ensign  Haw- 
kins 

3:10  Sighted  Dutch  coast  (Hook  of  Holland) 

4:15  Sighted  two  two-seater  Hun  seaplanes 

4:15-4:35  Dropped  bombs  and  chased  hostile  aircraft 

4:35  Shot  down  rear  Hun  in  flames — the  other  got 
away  into  the  clouds 

4:45  Turned  west 

4:50  No.  4280  (Capt.  Gordon)  came  down,  engine 
trouble — landed  O.K.  in  6-ft.  swells 

4:50-5:05  Circled  around  No.  4280 

5:05  No.  4280  took  off  O.K. — carried  on  west 

5:35  Sighted  largb  Hun  mine-laying  submarine  4  miles 
off  port  bow  fully  blown  on  surface.  Opened  out 
for  him.  Fired  recognition  signals — ^no  answer. 
He  got  under  just  before  we  reached  him.  We 
had  only  Lewis  guns,  as  had  dropped  bombs 

6:10  Sighted  North  Hinder  Light  Vessel 

7:00  Sighted  coast — Orfordness 

7:20  Landed  Felixstowe — dark 

Total  fljring  time  for  day,  9  hr.  10  min.  In  air 

The  emergency  or  S.  0.  S.  patrol  was  made  only  when 
a  submarine  was  reported  as  being  in  the  zone  covered 
by  the  station,  a  limited  number  of  seaplanes  being  held 
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Thb  H  Type  Navy  Flying  Boat  Equipped  with  a  Davis  Gun  in 

THE  Air 


in  reserve  for  such  an  emergency.  Successful  accom- 
plishment of  a  mission  depended  almost  entirely  on  the 
rapidity  with  which  fully-equipped  planes  could  be  got 
off  with  complete  written  instructions  as  to  the  supposed 
location  of  the  submarine,  total  area  to  be  searched,  etc. 
On  surprise  inspection  of  the  northern  stations  in  the 
United  States,  shortly  before  the  armistice,  emergency 
patrols  were  ordered  out  immediately  upon  the  arrival 
of  the  inspection  board,  and  although  orders  were  en- 
tirely unexpected,  it  was  found  that  the  longest  time 
required  by  any  of  the  stations  to  get  out  orders,  get 
two  HS-1  type  planes  launched,  completely  equipped  and 
manned  and  in  the  air,  with  full  instructions,  was  7  min. 
This  shows  the  facility  with  which  seaplanes  can  be 
operated  compared  with  surface  craft. 

During  the  late  winter  of  1917-18  and  early  spring 
of  1918  it  was  noticed  that  the  aircraft  operations  were 
becoming  so  effective  that  submarines  werp  more  or  1*>8S 
consistently  avoiding  the  areas  which  icould  be  covered  by 
aircraft  from  the  various  stations  of  the  Allies  and 
the  United  States  and  were  extending  their  operations 
much  farther  out  to  sea.  They  were  able  to  do  this  be- 
cause of  the  increased  radius  of  action  of  the  larger 
submarines.  Of  course,  their  chances  of  getting  ships 
were  reduced,  as  they  were  not  within  the  cone-shaped 
area  through  which  all  ships  making  for  or  departing 
from  a  port  would  have  to  pass,  but,  on  the  other  hand, 
if  they  sighted  an  unarmed  ship  without  escort,  they 
were  so  far  from  the  bases  that  they  could  sink  it  before 
destroyers  or  other  vessels  from  shore  bases  could  render 
assistance.     It  was  therefore  decided  that  the  proper 
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plan  was  to  attack  the  submarines  in  their  bases  wher- 
ever such  bases  could  be  reached. 

The  so-called  Northern  Naval  Bombing  Group,  consist- 
ing of  six  squadrons  of  land  day-bombing  airplanes  and 
six  squadrons  of  land  night-bombing  airplanes,  with  com- 
plete equipment,  was  organized  to  take  on  this  job.  The 
personnel  of  this  organization  was  partly  naval  and  partly 
marine.  To  put  this  organization  in  the  field  required 
a  very  speedy  modification  of  training  plans,  and  great 
assistance  from  the  Army  in  the  supply  of  material.  A 
land  training  school  of  considerable  size  was  got  under 
way  by  the  marines,  night  flying  training  was  insti- 
tuted at  Pensacola,  Fla.  and  a  large  number  of  pilots 
were  sent  to  British  schools  and  service  squadrons.  Al- 
though the  cessation  of  hostilities  came  before  this  North- 
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em  Bombing  Group  got  into  full  swing,  it  accomplished 
a  considerable  amount  of  good  work  and  would  undoubt- 
edly have  been  a  decidedly  sharp  thorn  in  the  sides  of 
German  submarine  warfare.  Various  other  offensive 
plans  were  under  way,  and  a  large  number  of  experi- 
ments for  the  purpose  of  developing  new  uses  for  air- 
craft were  being  carried  on.  Since  these  did  not  appear 
in  the  field  they  must  necessarily  be  kept  secret,  at  least 
for  the  time  being. 

Escorting  Convoys 

The  secondary  function  of  seaplane  patrol  related  to 
the  escort  of  convoys.  The  very  large  overseas  trans- 
portation of  troops  and  supplies  required  that  all  possible 
protection  be  afforded,  and  aircraft,  especially  airships 
and  kite  balloons,  were  used  most  extensively  in  this 
work.  Convoys  were  escorted  out  of  the  United  States 
ports  to  distances  which  could  be  considered  compara- 
tively safe  and  were  met  outside  European  ports  and 
escorted  in.  That  so  few  troopships  were  torpedoed  can 
be  credited,  to  a  considerable  extent,  to  the  arduous  work 
of  the  aircraft  This  work  did  not  offer  the  excitement 
and  interest  of  flying  at  the  Front,  or  even  of  the  offen- 
sive sea  patrols,  and  the  oflkers  and  men  who  did  it. 
day  after  day,  summer  and  winter,  deserve  a  great  deal 
of  praise.  And  yet  convoy  escort  was  not  wholly  monot- 
onous or  devoid  of  interest;  witness  the  case  of  an 
American  seaplane  operating  off  the  French  coast. 

On  April  23,  1918,  while  on  morning  patrol  with  a 
convoy  of  twenty-six  American  vessels,  the  observer  dis- 
covered an  enemy  submarine  awash  and  steering  for  the 
convoy.  Two  minutes  later  she  submerged,  only  to  re- 
appear close  to  one  of  the  vessels.  The  seaplane  ma- 
neuvered directly  over  the  undersea  boat  and  dropped 
one  bomb,  scoring  a  direct  hit  close  to  the  conning  tower. 


The  NC-1   Seaplane 
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At  this  time  the  top  of  the  conning  tower  was  showing 
about  2 -ft.  above  the  surface.  Wreckage  strewed  the 
water,  and  sufficient  was  gathered  up  by  trawlers  later  to 
determine  the  type  of  the  destroyed  submarine.  While 
destruction  of  enemy  submarines  by  U.  S.  seaplanes  was 
far  from  being  the  usual  thing,  it  can  positively  be  stated 
that  this  was  by  no  means  the  only  instance  of  its  kind. 

During  the  latter  part  of  the  hostilities  certain  of  our 
dreadnaughts  in  the  war  were  equipped  with  fast  planes 
for  spotting,  lighting  and  reconnaisance.  The  inactivity 
of  the  German  fleet  did  not  give  any  opportunity  for  a  ^ 
demonstration  under  battle  conditions  of  the  usefulness 
of  these  aircraft.  There  is  no  doubt,  however,  as  to  the 
increased  necessity  of  having  the  fleet,  especially  the 
scouting  forces,  amply  equipped  with  airplanes. 

As  has  been  stated,  the  primary  mission  of  Naval 
aviation  during  hostilities  was  waging  war  against  the 
submarines,  and  this  naturally  resulted  in  a  rather  one- 
sided development.  We  now  have  an  opportunity,  how- 
ever, to  look  into  the  future  and  consider  what  lines  of 
development  will  be  most  needed  to  make  aviation  an 
efficient  and  well-balanced  arm  of  the  Navy,  and  par- 
ticularly of  the  great  fighting  force,  the  fleet. 

Future  Development 

I  believe  that  Naval  aviation  development  for  the  next 
few  years  will  be  along  the  following  lines : 

(1)  Small  airplanes  or  seaplanes  for  use  from  fighting 
ships  for  spotting,  short  distance  reconnaisance  and 
fighting 

(2)  Medium-sized  airplanes  or  seaplanes  for  use  from 
large  high-speed  ships  with  "flying-off"  decks  or 
special  launching  and  recovering  arrangements,  for 
medium-distance  reconnaisance,  torpedo  carrying 
and  bomb  dropping 

(3)  Kite  balloons,  and  possibly  airships,  capable  of 
being  towed,  to  be  carried  by  scouts  and  capital 
ships  for  spotting  and  reconnaisance  purposes 

(4)  Large  seaplanes  and  airships  to  be  based  on  shore 
for  operations  with  the  fleet  and  for  operations 
as  an  independent  Naval  force  when  needed 

Under  the  first  class  the  sizes  are  necessarily  limited 
by  the  fact  that  they  must  operate  from  a  fighting  ship 
and  not  interfere  with  the  primary  function  of  that  ship. 
Land-type  airplanes  are  easier  to  launch,  and  have  better 
fighting  qualities,  but  on  the  other  hand  they  must  either 
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return  to  shore  or  to  a  ship  with  flying-oflf  deck,  or  land 
in  the  sea,  with  almost  certain  damage.  Will  their 
usefulness  offset  these  disadvantages?  That  remains  to 
be  seen. 

Under  the  second  class,  that  of  medium-sized  aircraft 
for  use  from  special  ships,  the  question  again  arises, 
shall  they  be  airplanes  or  seaplanes?  There  is  no  doubt 
about  their  being  able  to  fly  from  and  land  on  the  decks 


Column  of  Water  Thrown  Up  by  an  Exploding  Depth  Bomb 

of  special  ships  under  reasonably  good  conditions,  but 
in  cases  of  engine  failure  we  again  have  the  airplane  in 
the  water.  The  launching  of  seaplanes  by  catapult  has 
been  developed  to  a  satisfactory  point,  and  several  meth- 
ods of  recovering  the  seaplanes  without  stopping  the 
ship  have  been  suggested.  Some  of  these  methods  have 
considerable  merit,  but  require  a  vast  amount  of  experi- 
mentation. Airplanes  of  the  types  desired  are  already 
in  existence.     The  seaplane  characteristics  will  be  af- 
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f ected  largely  by  the  method  of  recovery  to  be  used.  I 
think  it  probable  that  a  300-hp.  type  will  be  selected. 

Under  the  third  class,  those  operating  from  shore 
bases,  come  the  big  seaplanes  and  the  medium  and  big 
airships.  The  limit  to  the  size  of  the  seaplane  is  an 
engineering  matter;  v^hat  is  v^anted  for  operation  is 
seaworthiness  and  long  radius  of  action.  I  have  no 
doubt  that  in  a  few  years  this  type  will  be  of  several 
thousand  horsepower,  and  it  may  have  a  steam  power- 
plant.  These  seaplanes  will  compete  with  destroyers. 
They  naturally  have  the  advantage  of  speed  and  vision, 
but  must  also  be  able  to  navigate  accurately  for  long 
distances  out  of  sight  of  all  fixed  marks,  to  land  in  and 
rise  from  fairly  rough  water  to  exercise  right  of  search 
and  must  be  so  reliable  and  self-sustaining  that  they 
return  to  shore  bases  only  as  a  destroyer  returns — ^for 
rest,  refueling  and  overhauling  machinery.  Until  this 
stage  is  reached  they  will  be  looked  upon  as  nuisances, 
necessary,  perhaps,  but  undesirable,  especially  if  they 
make  continued  calls  on  surface  craft  for  help. 

The  rigid  airship  in  its  present  stage  of  development 
has  an  advantage  over  the  seaplane  for  long-distance 
work  over  the  seas.  The  performance  of  rigid  airships 
during  the  last  2  years  has  been  marvelous.  They  are 
bound  to  be  one  of  the  most  important  aids  of  a  fleet. 
I  believe  that  in  a  few  years  it  will  be  considered  as 
foolish  for  a  commander-in-chief  to  proceed  far  to  sea 
in  time  of  war  without  rigid  airships  well  out  ahead  of 
his  first  line  of  scouts,  as  it  would  now  be  considered 
for  him  to  go  out  without  scouts.  Again,  however,  these 
airships  must  be  capable  of  taking  care  of  themselves. 
The  successful  production  of  argon  has  removed  their 
greatest  handicap,  which  has  been  vulnerability,  but  they 
still  require  nursing  when  they  are  on  shore.  At  the 
present  time,  the  shed  on  shore  to  house  the  airship 
costs  almost  as  much  as  the  ship  itself,  and  the  ship  can 
be  taken  in  and  out  only  in  good  weather  and  with  the 
aid  of  hundreds  of  men.  They  must  be  so  built  that 
they  can  moor,  as  a  ship  anchors,  and  ride  to  that  moor- 
ing, good  weather  and  bad.  Then  we  can  have  mooring 
masts  all  along  the  coast  and  in  the  insular  possessions 
and  sheds  only  at  repair  stations  to  be  used  for  over- 
hauling as  the  drydock  is  used  for  a  ship. 

It  is  obvious  that  America  has  gone  far  in  the  past 
18    months     in     the     development    of     aircraft,     but 
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when  the  specifications  outlined  for  proper  military  per- 
formance are  considered  it  is  equally  obvious  that  there 
is  still  a  long  distance  to  go.  Reliability  of  powerplants 
is,  after  all,  the  prime  requisite,  and  it  is  principally 
to  the  automotive  engineers  that  we  look  for  assistance 
in  obtaining  such  reliability  ^at  the  pilot  can  forget 
about  his  engine  once  he  takes  the  air. 


THE  LIBERTY  AIRCRAFT  ENGINE 
By  J  G  Vincent* 

THE  history  of  the  development  of  the  Liberty  en- 
gine is  first  presented,  followed  by  a  discussion 
explaining  how  its  features  worked  out  in  actual  prac- 
tice and  what  changes  in  its  construction  appeared 
desirable  after  experience  with  thousands  of  the  en- 
gines on  the  test  stand,  at  the  test  flying  fields,  in  the 
schools  and  on  the  battle  front.  This  history  is  a 
strong  argument  for  reasonable  preparedness;  the 
Government  was  totally  unprepared  and  had  only  a 
small  basis  for  a  beginning.  The  early  work  of  the 
Aircraft  Production  Board,  the  sending  of  a  commis- 
sion abroad  to  study  design,  make  recommendations 
and  collect  information,  and  the  coming  of  a  technical 
commission  to  this  country  to  act  in  an  advisory  ca- 
pacity, gave  the  much  needed  impulse  and  work  was 
begun.  At  that  time  no  firm  in  this  country  was  build- 
ing aircraft  engines  that  would  have  been  of  any  real 
value  on  the  fighting  line.  England  and  France  were 
working  on  thirty-seven  and  forty-^ix  different  types 
respectively.     This  was  a  chaotic  condition. 

The  story  of  preliminary  conferences,  the  actual 
laying  but  of  the  work,  the  assembling  of  an  engineer- 
ing organization  and  the  building  and  testing  of  the 
first  engine  complete  the  first  part  of  the  paper.  Many 
illustrations  and  much  detailed  information  are  in- 
cluded in  the  description  of  the  most  important  engine 
parts.  The  crankshaft,  connecting-rods,  pistons,  pro- 
peKer-hub,  crankcase,  cylinders  and  crankshaft  hous- 
ing are  in  turn  discussed  and  the  lubrication,  cooling, 
ignition  and  carburetion  systems  are  next  described. 
A  section  is  devoted  to  air  performance,  giving  com- 
parative figures  relating  to  foreign  planes. 

^Vioe-preflident  of  engineering,  Packard  Motor  Car  Co. 
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Up  to  the  time  the  armistice  was  signed,  the  Gov- 
ernment maintained  a  strict  censorship  over  de- 
tails of  its  war  equipment,  and  for  this  reason 
very  little  was  known  about  the  details  of  the  Liberty 
aircraft  engine  outside  of  military  circles.  Since  the 
signing  of  the  armistice  this  censorship  has  been  lifted, 
and  very  complete  detail  information  covering  this  engine 
has  been  published.  The  cuts  and  data  already  published 
are  quite  accurate,  and  hence  it  seems  unnecessary  to 
give  a  detailed  description  in  this  paper. 

It  was  decided  to  divide  this  paper  into  two  parts, 
covering,  first,  the  historical  side  of  the  Liberty  aircraft 
engine;  and  second,  a  discussion  of  its  features,  explain- 
ing how  these  features  worked  out  in  actual  practice, 
and  what  changes  in  the  construction  would  appear  to 
be  desirable  after  extensive  experience  with  thousands 
of  these  engines  on  the  test  stand,  at  the  test  flying  fields, 
the  schools  and  on  the  battle  front. 

The  historical  side  of  this  development  is,  in  my  opin- 
ion, one  of  the  very  best  arguments  for  reasonable  pre- 
paredness, and  I  think  that,  as  an  engineer,  I  would 
not  be  doing  my  full  duty  to  this  Society  or  to  our  coun- 
try unless  I  gave  my  brother  engineers  as  complete  a 
picture  as  may  be  possible  of  the  difllculties  encountered 
due  to  lack  of  preparedness  in  our  Air  Service  when  war 
was  declared  on  April  6,  1917. 

I  urge  all  members  of  the  Society  to  give  this  matter 
careful  thought  and  to  do  everything  in  their  power  to 
further  the  development  of  military  aeronautics  in  this 
country,  as  we  may  not  be  so  fortunate  the  next  time  in 
having  allies  to  stand  between  us  and  the  enemy  while 
we  spend  a  year  laying  the  fundamental  basis  for  an 
Air  Service,  as  was  the  case  in  the  recent  emergency. 

I  will  endeavor  to  set  forth  clearly  just  what  happened 
in  extensive  use  of  the  engine.  It  may  well  be  that  all 
engineers  will  not  agree  with  me  in  some  of  my  conclu- 
sions, but  I  shall  endeavor  to  be  entirely  unprejudiced, 
and  my  statements  will  be  based  on  what  I  believe  to  be 
the  consensus  of  opinion  of  the  many  experts  with  whom 
I  was  associated  in  the  Engineering  Division  of  the  Bu- 
reau of  Aircraft  Production  at  the  time  the  armistice 
was  signed. 

To  understand  why  certain  moves  were  made  it  is 
necessary  to  have  a  clear  picture  of  the  aircraft  situation 
as  it  existed  in  this  country  when  we  entered  the  war. 
We  were  totally  unprepared.     The  Government  had  no 
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adequate  engineering  organization,  no  production  organi- 
zation, and  no  samples  or  drawings  of  engines,  airplanes, 
instruments  or  armament  of  any  value  for  military  oper- 
ations on  the  battle  front;  neither  did  it  have  any  defi- 
nite information  regarding  desi^s  being  used  by  our 
allies.  We  had  to  start  from  absolutely  nothing.  Realiz- 
ing the  seriousness  of  the  situation.  General  Squier  im- 
mediately arranged  a  number  of  very  important  moves, 
and  knowing  that  the  obtaining  of  proper  equipment  was 
very  largely  a  commercial  matter,  he  gathered  around 
him  a  small  group  of  men  of  undoubted  engineering  and 
business  ability.  Among  these  were  Howard  E.  Coffin, 
Edward  A.  Deeds  and  S.  D.  Waldon.  These  men,  together 
with  Greneral  Squier  and  a  few  others,  began  immediately 
to  operate  as  an  Aircraft  Production  Board. 

Early  Work  of  Aircraft  Production  Board 
One  of  the  first  moves  of  this  Board  was  to  arrange  to 
send  a  commission  abroad  to  study  airplane  designs,  make 
recommendations  covering  machines  to  be  copied  and 
put  into  production,  and  send  information  about  such 
machines  to  America  at  the  earliest  possible  moment. 
Major  R.  C.  Boiling  headed  this  commission,  and  took 
with  him  Captain  Clark,  an  airplane  engineering  expert, 
and  Howard  C.  Marmon,  an  engine  expert.  Captain  Clark 
had  been  head  of  the  very  small  airplane  engineering 
organization  which  existed  as  a  part  of  the  Signal  Corps 
at  the  beginning  of  the  war,  and  he  was  chosen  because 
he  was  as  well  informed  on  this  subject  as  any  other  man 
in  America.  Howard  C.  Marmon  was  selected  as  he  had 
had  a  long  experience  on  automobile  engines  and  was 
a  highly  trained  all-round  engineer.  He  resigned  his 
position  with  the  Nordyke  &  Marmon  Co.  to  take  up 
this  work,  at  the  personal  request  of  General  Squier, 
and  he  was  commissioned  as  a  Captain  in  the  Reserve 
Corps  after  he  had  been  in  Europe  for  some  time.  This 
commission  left  for  Europe  about  June  15,  1917.  While 
these  preliminary  moves  were  being  made  in  this  coun- 
try, our  allies,  realizing  our  state  of  unpreparedness,  had 
sent  a  technical  commission  to  this  country  to  act  in 
an  advisory  capacity  so  that  we  might  get  something 
started  along  the  right  line  with  the  least  possible  delay. 
A  combined  group  of  French  and  English  experts  vis- 
ited Detroit  on  May  26,  1917.  I  conducted  them  through 
the  aircraft  engine  experimental  department  of  the 
Packard  company,  and  explained  the  development  work 
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that  had  been  carried  on  there  for  2  years.  They  seemed 
to  be  very  much  pleased  with  the  quality  of  the  work 
and  the  general  details  of  design  of  the  Packard  air- 
craft engine,  and  stated  that  it  would  no  doubt  be  a 
very  fine  engine  for  certain  kinds  of  work,  but  that 
its  power-weight  ratio  vras  too  great  to  make  it  of  any 
real  value  in  an  uptodate  military  airplane.  The  engine 
would  develop  about  235  hp.,  and  without  water  or  radi- 
ator weighed  a  little  under  3Vi  lb.  per  hp.  We  had  a 
very  thorough  discussion  of  the  aircraft  situation/ and 
the  commission  gave  us  many  valuable  hints  in  connec- 
tion with  the  latest  developments  in  Europe.  I  realized 
that  there  was  not  a  single  firm  in  the  United  States 
working  on  aircraft  engines  that  would  be  of  any  real 
value  on  the  fighting  line. 

I  read  later  that  there  were  at  that  time  about  thirty- 
seven  different  kinds  of  aircraft  engines  being  manu- 
factured or  experimented  upon  in  England  and  some 
forty-six  different  kinds  in  France.  This  multiplicity  of 
design  not  only  made  for  high  price  and  low  production, 
but  also  caused  great  complication  in  the  field,  as  it  was 
next  to  impossible  to  keep  on  hand  proper  repair  parts 
for  all  types  of  engines. 

I  discussed  the  situation  with  the  president  of  the 
Packard  Motor  Car  Co.,  who  appreciated  the  need  for  a 
standardized  line  of  aircraft  engines,  and  suggested  that 
we  communicate  with  Mr.  Cofiiii.  I  left  Detroit  for 
Washington  on  May  27,  in  company  with  R.  D.  Chapin 
of  the  Hudson  company.  We  had  a  conference  with 
Messrs.  Coffin,  Deeds  and  Waldon.  I  pointed  out  the  abso- 
lute impossibility  of  obtaining  a  large  production  of 
aircraft  engines  in  this  country  if  the  various  factories 
were  left  alone  to  go  their  own  way  in  the  designing 
of  aircraft  engines.  I  told  them  that  if  it  was  going 
to  be  necessary  for  the  automobile  industry  to  build  a 
large  number  of  aircraft  engines  they  must  be  furnished 
with  a  proper  standardized  design,  so  that  they  would 
not  have  to  waste  any  time  in  experimental  work.  I 
pointed  out  the  fact  that  the  Packard  engine  was  too 
low-powered  and  too  heavy,  but  that  this  could  easily  be 
remedied  by  increasing  the  piston  displacement  and  low- 
ering the  factor  of  safety.  I  explained  that  this  engine 
had  been  designed  to  weigh  under  4  lb.  per  hp.  and  run 
for  the  longest  possible  time  without  overhaul,  and  that 
it  was  the  result  of  specifications  put  up  to  me  by  the 
Government  about  two  years  before,  but  that  since  then 
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aircraft  development  had  been  rapid,  with  the  result 
that  conditions  were  entirely  changed.  I  pointed  out 
that  the  French  and  English  commission  had  stated  to 
me  that  a  fighting  airplane  must  be  equipped  with  an 
engine  of  the  lightest  possible  weight  per  horsepower, 
which  meant  that  it  must  be  designed  with  the  lowest 
possible  factor  of  safety  that  would  serve  satisfactorily 
for  a  reasonable  length  of  time. 

Designing  the  First  Engine 

After  discussing  the  matter  at  some  length,  Mr.  Deeds 
suggested  that  he  would  like  to  have  me  meet  E.  J.  Hall. 
On  May  29,  Mr.  Deeds,  Mr.  Hall  and  I  met  just  before 
noon,  at  the  New  Willard  Hotel,  Washington,  and  went 
carefully  into  the  situation,  so  that  we  might  promptly 
make  a  joint  report  on  the  aircraft  engine  situation  in 
this  country.  By  mid-afternoon  Mr.  Hall  and  I  were 
ourselves  laying  down  two  views  of  a  proposed  eight- 
cylinder  aircraft  engine. 

To  get  started  promptly,  we  called  Mr.  Zimmerschied, 
who  was  then  in  charge  of  the  Society's  Washington  office, 
and  asked  him  to  get  us  a  draftsman  and  some  drafting 
materials.  He  could  not  find  a  draftsman,  but  sent 
over  his  own  drafting  instruments.  We  purchased  draft- 
ing tables  and  supplies,  and  were  soon  busy.  I  laid 
out  a  transverse  section,  and  Mr.  Hall  a  longitudinal 
one.  We  were  very  well  informed  on  all  engines  manu- 
factured in  the  United  States  and  also  a  great  many  of 
the  foreign  makes,  but  we,  of  course,  also  wanted  the 
latest  information  on  British  and  French  engines.  We 
appealed  to  Major  Souther  of  the  Signal  Corps,  and  he 
immediately  assigned  Charles  B.  King  to  get  this  infor- 
mation for  us. 

That  evening  Mr.  Deeds  called  a  session  at  the  New 
Willard,  at  which  members  of  the  French  commission 
were  present.  By  this  time  Mr.  Hall  and  I  had  prepared 
specific  questions,  and  they  were  answered  quite  fully 
by  the  French  officials.  The  next  morning  Mr.  Zimmer- 
schied turned  over  to  us  one  of  the  S.  A.  E.  volunteer 
helpers,  J.  M.  Schoonmaker,  Jr.,  of  Pittsburgh.  Like  Mr. 
Hail  and  myself,  Mr.  Schoonmaker  had  done  no  drafting 
work  for  a  number  of  years,  but  nevertheless  he  did  not 
hesitate  to  go  to  work.  I  turned  the  drawing  that  I 
was  making  over  to  Mr.  Schoonmaker,  and  proceeded  to 
dictate  a  report  to  the  Aircraft  Production  Board,  which 
Mr.  Hall  and  I  had  agreed  upon  the  night  before.    I  re- 
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produce  this  report  herewith,  as  I  believe  it  clearly  sets 
forth  our  understanding  of  the  situation  at  that  time: 

At  your  request,  we  have  made  a  careful  study  of  the 
aircraft  engine  situation,  and  hasten  to  submit  our 
report,  as  follows : 

To  get  this  report  into  your  hands  promptly,  we  have 
condensed  it  as  much  as  possible,  and  have  covered  the 
essentials  only.  In  view  of  the  fact  that  there  are  a 
number  of  good  engines  for  training  machines  available, 
we  have  disregarded  this  type  of  engine,  and  confined 
our  attention  strictly  to  the  high  efficiency,  low  weight 
per  horsepower  type,  such  as  is  needed  at  the  front. 

In  order  that  the  engines  built  by  this  country  may 
be  of  any  value  when  received  at  the  front,  it  is, 
of  course,  absolutely  necessary  that  their  efficiency 
be  brought  up  to,  or  a  little  beyond,  the  best  now 
available  in  Europe.  The  French  and  English  com- 
missions have  enabled  us  to  obtain  this  information  by 
answering  our  questions  very  clearly  and  completely. 
From  information  obtained  from  these  gentlemen  and 
from  other  sources,  we  believe  that  the  Lorraine-Die- 
trich is  the  coming  engine  in  Europe.  This  engine  has 
not  been  built  in  large  quantities  as  yet,  but  some  thirty 
have  been  constructed  and  carefully  tested  out  at  sea 
level,  and  also  at  about  6000  ft.  elevation. 

The  important  facts  about  this  engine  are  as  follows: 
Eight  cylinders,  120-mm.  bore  by  170-mm.  stroke;  cylin- 
ders made  of  steel  with  water-jackets  welded  on.  En- 
gine is  direct-driven  and  develops  250  hp.  at  1600  r.pjn. 
and  270  hp.  at  1700  r.p.m.  The  weight  of  the  bare  en- 
gine is  240  kg.,  or  approximately  528  lb.,  while  the 
weight  of  the  engine  complete,  with  radiator  and  water, 
is  305  kg.,  or  671  lb.  There  seems  to  be  a  reasonable 
doubt  regarding  the  exact  weight  of  the  bare  engine, 
as,  while  the  French  commission  gave  us  the  figure  of 
528  lb.,  information  from  other  sources  indicates  a 
weight  of  552  lb.  Probably  some  intermediate  figure  is 
more  nearly  correct,  but  in  any  event  the  engine  gives 
a  horsepower  for  approximately  2  lb.  of  weight  when 
figured  at  its  maximum  output  of  270  hp. 

After  obtaining  this  information  and  considering  the 
matter  very  carefully,  we  next  investigated  the  manner 
of  testing  such  an  engine,  as  we  knew  that  an  engine 
of  this  type  could  not  be  run  at  full  power  for  long 
periods  of  time  without  developing  serious  trouble. 
Here  again  the  French  commission  gave  us  valuable 
information.  They  stated  that  in  using  an  engine  of 
this  type  it  is  only  run  at  full  power  for  short  periods 
of  time,  while  climbing  or  fighting,  and  that  at  all 
other  times  it  is  run  at  speeds  200  to  800  r.pjn.  slower. 
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In  view  of  the  fact  that  the  engine  is  built  to  run 
under  these  conditions  it  is,  of  course,  necessary  to  test 
it  under  a  similar  condition,  and  they  stated  tlmt  when 
trying  out  a  new  model  of  engine  it  is  their  practice  to 
mount  a  propeller  which  will  just  hold  the  engine  down 
to  maximum  speed  under  full  throttle.  The  engine  is 
then  run  for  50  hr.  in  periods  of  6  to  8  hr.  each,  but 
the  engine  is  not  run  up  to  full  speed  for  more  than 
a  total  of  10  hr.  during  this  entire  period,  nor  is  it  run 
more  than  30  min.  at  any  single  time  under  this  con- 
dition. The  other  40  hr.  running  is  under  throttled  con- 
dition, turning  the  same  propeller  at  200  to  300  r.p.m. 
less  than  maximum  speed. 

This  information  is  of  the  utmost  importance,  as  it 
enables  us  to  reduce  all  tactors  of  safety  and  makes 
possible  the  light  weight  per  horsepower  now  being 
obtained  in  Europe.  After  securing  this  information, 
we  immediately  laid  down  a  proposed  engine,  which  we 
believe  can  be  produced  promptly  in  large  quantities  in 
this  country.  Built  carefully  out  of  proper  materials, 
this  engine  will  have  approximately  the  following  char- 
acteristics and  be  as  good,  or  a  little  better,  than  the 
Lorraine-Dietrich,  which  is  not  as  yet  really  available 
abroad.  In  lasring  down  this  engine  we  have,  without 
reserve,  selected  the  best  possible  practice  from  both 
Europe  and  America.  Practically  all  features  of  this 
engine  have  been  absolutely  proved  out  in  America  by 
experimental  work  and  manufacturing  experience  in 
the  Hall-Scott  and  Packard  plants,  and  we  are,  there- 
fore, willing  to  stake  our  reputations  on  this  design 
unhesitatingly,  provided  we  are  allowed  to  see  that 
our  designs  and  specifications  are  followed  absolutely. 

The  engine  is  to  be  of  the  eight-cylinder  type,  with 
cylinders  set  at  an  included  angle  of  45  deg.  The  cyl- 
inders are  of  the  individual  type,  made  out  of  steel 
forgings,  with  jackets  w.elded  on.  The  bore  is  5  in. 
and  the  stroke  7  in.,  giving  a  piston  displacement  of 
1100  cu.  in.  The  crankshaft  is  of  the  five-bearing  type, 
with  all  main  bearings  2%  in.  in  diameter  and  all 
crankpin  bearings  2\i  in.  in  diameter.  The  connect- 
ing-rods are  of  Uie  I-beam  straddle  type.  This  engine 
is  of  the  direct-driven  type  with  a  maximum  speed  of 
1700  r.p.m.  It  will  have  a  maximum  output  of  275 
hp.  at  1700  r.p.m.  and  will  weigh  525  to  550  lb., 
but  we  feel  very  sure  of  the  lower  figure.  It  will  have 
a  gasoline  economy  of  0.50  lb.  of  fuel  per  hp.-hr.  or 
better;  it  will  have  an  oil  economy  of  0.04  lb.  of  oil 
per  hp.-hr.  or  better.  Complete  with  water  and  radi- 
ator, this  engine  will  not  weigh  more  than  675  lb.,  if  a 
properly  constructed  radiator  is  used  and  placed  high 
above  the  engine.     To  obtain  the  above   mentioned 
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weights,  it  will  be  necessary  to  use  the  fixed  type  of 
propeller-hub,  ^hich  has  been  thoroughly  proved  out  by 
Hall-Scott  practice.  It  will  also  be  necessary,  as  men- 
tioned above,  to  use  the  very  best  material,  workman- 
ship and  heat-treatment. 

Complete  detail  and  assembly  drawings,  as  well  as 
parts  lists  and  material  specifications,  can  be  com- 
pleted at  the  Packard  factory  under  our  direction  in 
less  than  four  weeks.  We  believe  that  a  sample  engine 
can  also  be  completed  in  approximately  six  weeks,  if 
money  is  used  without  stint.  As  soon  as  the  drawings, 
specifications  and  a  sample  engine  have  been  finished, 
complete  information  would,  of  course,  be  available,  so 
that  any  high-grade  manufacturer  could  either  make 
parts  for  this  engine  or  manufacture  it  complete. 

In  laying  down  this  design,  we  have  had  in  mind  the 
extreme  importance  of  interchangeability,  as  a  well  laid 
comprehensive  program,  which  has  for  its  base  inter- 
changeability of  important  parts,  such  as  cylinders, 
will  speed  up  output  and  reduce  ultimate  cost  to  an 
astonishing  extent.  Europe  is  suffering  right  now 
from  lack  of  uniformity  of  design,  but  it  is  too  late  for 
them  to  change  their  plan.  We,  however,  can  take  a 
leaf  out  of  their  book  and  start  right. 

In  the  design  which  we  have  laid  down,  the  cylinder, 
for  instance,  can  be  used  to  make  four,  six,  eight  and 
twelve-cylinder  engines.  As  this  is  the  most  intricate 
part  to  make,  immense  facilities  could  be  provided  to 
produce  them  in  large  quantities  for  the  use  of  many 
concerns  who  could  manufacture  the  rest  of  the  engine. 
Nearly  all  small  parts,  and  numerous  large  and  im- 
portant ones,  would  also  be  interchangeable.  This 
would  not  only  speed  up  production,  but  would  be  of 
the  utmost  importance  in  connection  with  repairs  and 
replacements.  A  full  line  of  engines  made  according 
to  this  plan  would  be  about  as  follows: 


Rated 

Maximum 

WejjK 

Weight 

Type 

hp. 

hp. 

perhp.,lb, 

4 

110 

135 

375 

2.7 

6 

165 

205 

490 

2.3 

8 

225 

275 

635 

1.9 

12 

885 

410 

710 

1.7 

Respectfully  submitted, 
(Signed)  J.G.Vincent. 
(Signed)  E.J.Hall. 

The  above  report  was  finished  on  the  afternoon  of 
May  31,  and  we  had  at  that  time  got  the  cross-section 
and  longitudinal  section  drawings  fairly  well  blocked 
out.  About  3  p.  m.,  Mr.  Waldon  telephoned  Mr.  Hall 
"•Old  me  to  bring  our  report  and  drawings  over  to  General 
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Squier's  oflSce  in  the  Army  and  Navy  Building.  When 
we  arrived  we  were  promptly  shown  into  the  conference 
room,  where  a  joint  conference  of  the  Army  and  Navy 
and  Aircraft  Production  boards  was  in  session,  with 
Mr.  Coffin  in  the  chair.  Mr.  Coffin  called  for  our  report, 
and  we  asked  Mr.  Waldon  to  read  it. 

Actual  Layout  Work  Started 

After  the  report  was  read  we  were  asked  to  explain  the 
drawings,  which  we  did  as  quickly  and  clearly  as  possible. 
We,  of  course,  explained  that  these  drawings  were  only 
intended  to  show  the  general  idea,  and  that  we  could, 
however,  get  layouts  made  quickly  if  our  suggestions 
met  with  favor.  We  were  immediately  requested  to 
go  ahead  with  all  possible  haste  and  make  good  layouts. 
We  wired  to  Detroit  for  two  good  layout  men,  and  they 
arrived  about  noon,  Friday,  June  1.  Messrs.  Hall,  Schoon- 
maker  and  I  kept  right  ahead  with  our  layouts,  on  which 
we  were  determining^construction  features.  This  allowed 
good  layout  men  to  go  ahead  with  the  finished  layouts 
of  settled  construction.  We  all  worked  without  stop- 
ping until  Monday  afternoon,  June  4.  By  that  time 
the  layout  men  had  finished  good,  accurate  layouts  of 
the  longitudinal  section,  transverse  section,  rear  elevation 
and  camshaft  assembly  views  of  the  eight-cylinder  engine. 

About  the  middle  of  the  afternoon  of  June  4,  Mr.  Hall 
and  I  were  again  requested  to  go  before  the  joint  com- 
mittee of  the  Army  and  Navy,  with  the  Aircraft  Produc- 
tion Board,  to  make  a  further  report.  We  exhibited  the 
finished  drawings  and  went  somewhat  more  into  detail 
than  had  been  possible  at  the  previous  meeting.  After 
we  had  explained  the  drawings  we  left  the  conference 
with  Mr.  Deeds,  who  was  just  starting  for  Dayton.  Mr. 
Deeds  told  us  that  it  had  been  decided  that  we  should 
build  ten  sample  engines,  five  of  the  eigh^-cylinder  size 
and  five  of  the  twelve-cylinder,  and  asked  us  to  "go 
to  it"  and  produce  the  first  sample  eight-cylinder  engine 
at  the  earliest  possible  moment.  He  told  us  he  had  prom- 
ised that  we  would  finish  the  first  sample  eight-cylinder 
engine  in  seven  weeks  from  that  date.  We  immediately 
sent  the  layout  men  home  to  Detroit  with  instructions  to 
complete  the  detail  drawings  of  the  long-time  parts,  such 
as  cylinders  and  crankcase,  immediately. 

Mr.  Hall  went  to  Indianapolis  that  night  and  I  went 
to  New  York,  where  I  met  Mr.  Macauley  the  next  morn- 
ing and  explained  to  him  just  what  had  taken  place. 
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Mr.  Macauley  and  I  returned  to  Washington  on  the  morn- 
ing of  June  6,  and  immediately  went  into  conference 
with  Messrs.  Deeds,  Waidon  and  Hall.  Mr.  Deeds  ex- 
plained to  Mr.  Macauley  the  great  advantage  of  standard- 
izing a  line  of  U.  S..  A.  engines,  and  after  a  little  thought 
Mr.  Macauley  not  only  agreed  to  this  very  radical  step, 
but  also  to  the  loan  of  my  services  to  the  Government 
for  a  period  of  three  months  so  that  I  might  follow 
up  the  engineering  work  which  had  been  started. 

Mr.  Deeds  explained  to  Mr.  Macauley  that  money  had 
been  appropriated  to  cover  the  cost  of  this  development, 
but  that  he  realized  that  to  make  good  on  the  deliveries 
which  he  had  promised  I  must  have  the  right  to  order 
things  quickly  through  commercial  channels  with  which 
I  was  well  acquainted.  To  this  end  he  requested  Mr. 
Macauley  to  arrange  with  the  Packard  Motor  Gar  Go.  to 
buy  and  pay  for  anything  that  I  requested  for  the  work, 
with  {he  understanding  that  the  Packard  company  would 
render  an  accounting,  and  be  reimbursed  by  Uie  Govern- 
ment. Mr.  Macauley  agreed  to  do  as  requested,  stating 
tiiat  this  work  would  be  put  ahead  of  anything  in  the 
factory,  and  that  I  would  have  the  "right  of  way,"  not 
only  as  to  the  services  of  my  well-trained  experimental 
organization,  but  the  factory  facilities  also.  This  was 
the  day  on  which  the  'IF.  S.  standardized  aircraft  engine" 
idea  was  really  settled. 

As  a  matter  of  interest,  I  will  state  that  Mr.  Hall  and 
I  designated  this  line  of  engines  as  the  U.  S.  A.  standi 
ardized  line,  but  a  little  later  I  believe  Admiral  Taylor 
dubbed  it  the  "Liberty"  engine  in  one  of  the  Aircraft 
Board  meetings,  and  this  name  was  so  popular  that  we 
were  forced  to  adopt  it,  and  change  all  our  titles  on  the 
drawings. 

Mr.  Hall  and  I  left  Washington  Thursday  noon,  June  7, 
for  Detroit,  where  we  arrived  on  Friday  morning.  We 
went  to  theTackard  factory  and  looked  over  the  work 
on  detail  drawings  which  had  been  started.  We  found 
that  O.  E.  Hunt  had  taken  very  prompt  action,  and 
already  secured  billets  of  steel  from  Gleveland  out  of 
which  to  make  cylinders  for  the  first  engines.  Mr.  Hall 
spent  the  day  going  over  various  matters  with  me  and 
left  on  the  night  boat  for  Gleveland  to  make  arrange- 
ments to  get  crankshaft  forgings  for  the  first  engine. 
These  forgings,  completely  heat-treated,  were  produced 
in  three  days,  Mr.  Hall  having  given  permission  to  "dig 
out"  his  dies. 
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I,  of  course,  realized  that  to  get  the  first  engine  quickly 
we  must  have  detail  drawings  almost  immediately,  and  I 
therefore  called  for  volunteers  from  the  various  drafting 
departments  of  the  Packard  organization  to  work  Satur- 
day afternoon  and  Sunday.  Every  man  volunteered,  with 
the  result  that  we  had  a  very  large  force  working  Sat- 
urday afternoon  and  Sunday,  and  during  this  day  and 
a  half  approximately  86  per  cent  of  the  detail  drawings 
were  finished  on  vellum,  from  which  blue  prints  could 
be  made.  In  other  words,  on  the  morning  of  June  11 
I  was  enabled  to  get  blue  prints  of  86  per  cent  of  the 
parts,  and  I  immediately  began  calling  on  various  auto- 
mobile and  accessory  manufacturers  to  rush  through  - 
enough  parta  for  a  first  sample  eight-cylinder  engine. 

The  crankcase  upper  and  lower  halves  were,  of  course, 
long-time  parts,  and  these  drawings  could  not  be  finished 
in  a  day  and  a  half.  We  did,  however,  succeed  in  getting 
them  nearly  enough  completed  by  Wednesday,  June  13 
to  enable  us  to  take  off  preliminary  prints.  These  pre- 
liminary prints  enabled  us  to  start  pattern  work  and 
also  a  wood  model  of  the  engine.  Vellum  drawings  of 
the  upper  and  lower  halves  were  finished  on  Friday, 
June  15,  and  good  blueprints  were  put  in  the  hands  of 
the  experimental  pattern  shop. 

In  the  meantime,  the  pattern  shop  had  been  working 
night  and  day  on  the  wood  model,  which  they  succeeded 
in  finishing  and  shipping  to  Dr.  Stratton  at  the  Bureau 
of  Standards  on  Saturday.  By  this  time  the  vellum 
drawings  on  all  the  major  parts,  except  those  contained 
in  the  oil-pump  assembly,  had  been  completed,  and  enough 
parts  for  a  sample  engine  ordered  from  various  facto- 
ries. 

Assembling  An  Engineering  Organization 

While  all  this  work  was  going  on  during  the  week 
ended  June  16,  the  Aircraft  Production  Board  was  fur- 
nishing engineering  ofitees  at  the  Bureau  of  Standards, 
Washington,  where  space  had  been  arranged  for  by  Dr. 
Stratton.  I  left  Detroit  on  Sunday,  June  17,  with  a 
complete  engineering  organization,  which  had  been  drawn 
from  various  automobile  factories,  including  the  Cadillac, 
Dodge  and  Packard.  Engineers  were  also  sent  from  the 
Pierce-Arrow  plant,  and  they  met  us  at  Washington. 
I  arrived  in  Washington  on  Monday  morning  and  imme- 
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diately  set  to  work  getting  settled  in  our  new  quarters 
at  the  Bureau  of  Standards. 

In  order  to  "put  over"  a  job  of  this  magnitude  in  a 
short  time,  a  tremendous  amount  of  work  must  be  accom- 
plished quickly  through  the  cooperation  of  a  great  many 
people  who  are  peculiarly  fitted  by  their  training  to 
do  their  particular  parts  without  detailed  supervision. 
At  this  stage  the  design  was  practically  settled  and  the 
work  of  building  samples  was  well  under  way.  Every- 
body connected  with  the  job  continued  to  put  forth  his 
very  best  efforts,  with  the  result  that  our  first  sample 
Liberty  engine  was  delivered  to  the  Bureau  of  Stand- 
ards, Washington,  on  July  3,  1917.  Additional  samples 
of  the  eight-cylinder,  also  samples  of  the  twelve-cylinder, 
followed  quickly,  and  the  first  sample  twelve-cylinder 
Liberty  finished  its  first  official  50-hr.  run  at  1.30  a.  m., 
Aug.  25,  1917,  having  gone  through  this  50-hr.  run  in  an 
elapsed  time  of  only  about  55  hr.,  thus  breaking  all 
records  for  tests  Of  this  kind.  It  is  usual  to  run  such  tests 
in  periods  of  5  hr.  each,  two  runs  being  made  each  day. 
In  other  words,  it  usually  takes  five  or  more  days  to 
complete  such  a  test.  This  50-hr.  test  was  made  under 
the  supervision  of  Government  Inspector  Lynn  Reynolds, 
and  after  finishing  his  very  complete  report  of  the  test, 
he  wrote  the  following  foreword : 

The  appended  report  is  a  survey  of  the  main  phases 
of  the  60-hr.  endurance  test,  maximum  power  curve 
calibration  on  electric  dynamometer,  and  inspection  of 
dismantled  parts  of  U.  S.  A.  twelve-cylinder  aircraft 
engine  No.  1,  which  were  made  under  the  supervision 
of  the  Equipment  Division,  Signal  Corps,  at  the  Pack- 
ard factory,  Detroit,  Mich.,  Aug.  22  to  25,  1917. 

A  consideration  of  the  data  collected,  will,  we  believe, 
show  that  the  fundamental  construction  is  such  that 
very  satisfactory  service  with  a  long  life  and  a  high 
order  of  efficiency  will  be  given  by  this  powerplant,  and 
that  the  design  has  passed  from  the  experimental  stage, 
into  the  field  of  proved  engines. 

All  the  Government  officials  who  had  been  following 
this  job  carefully  realized  that  while  no  doubt  a  great 
deal  of  detail  work  remained  to  be  done,  this  test  con- 
clusively proved  that  we  had  an  engine  design  capable 
of  being  produced  in  large  quantities  in  this  country, 
and  that  it  would  compare  favorably  with  the  best  de- 
signs that  had  been  developed  in  Europe.     Acting  on 
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this  belief,  all  possible  haste  was  made  in  cleaning  up 
the  drawings,  and  complete  sets  of  drawings  of  -both 
the  eight  and  twelve-cylinder  designs  were  turned  over 
to  Lieutenant  Emmons,  who  was  in  charge  of  engine 
production,  about  Oct.  1,  1917.  It  was,  of  course,  under- 
stood that  many  detail  changes  would  have  to  be  made 
in  these  drawings  during  the  early  stages  of  manufac- 
ture. 

The  First  Engine  Cobipleted 

After  careful  consideration  of  reports  from  abroad  it 
was  decided  to  put  the  twelve-cylinder  engine  into  pro- 
duction, and  hold  the  eight-cylinder  back,  as  all  demands 
from  abroad  called  for  around  400  hp.  The  first  "pro- 
duction" twelve-cylinder  engine  was  delivered  at  McCook 
Field,  Dayton,  Ohio,  on  Thanksgiving  Day,  1917,  but  it 
should  be  borne  in  mind  that  this  engine  was  only  par- 
tially made  from  production  tools.  In  fact,  the  first  sev- 
eral hundred  engines  were  made  more  or  less  by  hand  to 
get  out  a  reasonable  quantity  at  the  earliest  possible 
date,  and  thus  permit  extensive  tryouts  under  actual  fly- 
ing conditions. 

During  the  time  this  work  was  going  on.  Captains 
Clark  and  Marmon  returned  from  Europe,  and  after 
going  over  the  Liberty  engine  carefully  in  the  light  of 
what  they  had  learned,  agreed  that  we  had  been  very  wise 
in  developing  the  Liberty  engine,  because,  in  their  opin- 
ion, an  engine  of  400  hp.  was  essential  for  types  of  ma- 
chines that  it  had  been  decided  we  should  manufacture, 
and  they  stated  that  no  proved  400-hp.  engine  existed  in 
Europe. 

Spurred  on  by  this  encouraging  information,  every  one 
concerned  put  forth  his  best  efforts  to  get  into  quantity 
quality  production  at  the  earliest  possible  date.  From 
this  point  on  the  facts  are  pretty  generally  known.  As 
soon  as  the  necessary  samples  could  be  shipped  to  Europe 
they  were  carefully  tried  out  under  actual  flying  condi- 
tions by  our  allies.  First  England,  and  then  France  and 
Italy,  accepted  the  engine,  and  began  to  negotiate  for 
the  purchase  of  these  twelven^ylinder  Liberty  engines 
for  installation  in  their  planes.  Unfortunately,  our  own 
plane  production  was  considerably  delayed,  not  so  much 
on  account  of  the  plane  itself,  but  by  the  fact  that 
we  did  not  have  in  this  country  the  necessary  instru- 
ments and  armament  to  equip  the  planes.    In  other  words. 
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the  desifrn  of  the  DeHaviland-Four  could  have  been  finally 
settled  in  November  or  December,  1917,  had  information 
been  available  as  regards  all  the  instruments  and  arma- 


Pio.  1 — Front  Elbvation  op  th»  Libbrtt-Twblyb  Bnqinb 
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ment,  but  this  information  did  not  become  available 
until  late  in  March,  1918.  As  soon  as  this  information 
was  available  the  DeHaviland-Four  design  was  quickly 


Fia.  2 — Rbab  Elbvation  of  thb  Libbktt-Twslvb  Enqinb 
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cleaned  up,  and  I  believe  that  a  real  record  was  made  in 
getting  it  into  production  after  that  time. 

What  the  Tests  Revealed 

As  soon  as  these  planes  became  available  they  were  ex- 
tensively tested  both  in  this  country  and  abroad,  with 
the  result  that  numerous  minor  faults  were  developed, 
which  had  to  be  corrected.  The  extensive  test  work  of 
the  Liberty-DeHaviland  combination  also  developed  sev- 
eral shortcomings  in  the  Liberty  ensrine,  which  had  to 
be  corrected  after  production  was  fairly  well  under  way 
in  one  plant.  In  this  connection,  however,  it  is  interest- 
ing to  note  that  the  correction  of  none  of  these  difficulties 
involved  any  radical  change  in  the  basic  design. 

It  is  now  a  well-known  fact  that  the  DeHaviland  plane 
equipped  with  the  Liberty  Twelve  did  wonderful  work  at 
the  front,  and  that  it  was  considered  the  best  all-round 
plane  available  at  the  time  the  armistice  was  signed. 
It  is  also  a  significant  fact  that  England,  France  and 
Italy  were  taking  deliveries  of  these  engines  just  as  fast 
as  they  could  get  them,  and  installing  them  in  their 
various  types  of  observation,  two-seater  fighting,  day 
bombing  and  night  bombing  machines. 

The  fact  that  no  tried  400-hp.  engine  existed  in  Europe 
was  one  good  reason  for  developing  the  Liberty  engine, 
but  other  equally  good  reasons  existed.  The  engines 
developed  by  our  allies  had  been  built  under  extreme 
pressure.  There  were  so  many  different  kinds  that  none 
of  them  was  made  in  any  great  quantities.  Probably 
the  two  best  foreign  engines  at  that  time  were  the  Rolls- 
Royce  and  the  Hispano-Suiza.  According  to  information 
received  at  that  time,  the  Rolls-Royce  developed  about  350 
to  875  hp.,  and  was  recognized  as  probably  the  best  large 
engine  available  for  our  allies.  It  was,  however,  de- 
veloped for  European  manufacture  in  small  quantities, 
and  was  composed  of  a  great  many  intricate  parts,  which 
would  be  very  hard  to  manufacture  in  quantity  under 
American  production  conditions.  For  example,  many  of 
the  important  f  orgings  would  have  had  to  be  made  much 
better  than  had  been  our  practice  in  this  country.  The 
Liberty  engine  was  designed  to  be  as  reliable  as  the 
Rolls-Royce,  develop  a  little  more  power,  be  a  little  lighter 
per  horsepower  and  cost  about  one-half  as  much.  These 
aims  have  all  been  accomplished. 

The  Hispano-Suiza  was  a  smaller  engine,  and  as  it 
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was  already  in  production  in  this  country,  and  continued 
to  be  produced  in  increasing  quantities,  it  need  not  be 
considered  in  this  discussion. 

The  Lorraine-Dietrich  eight-cylinder  engine,  which  it 
will  be  remembered  was  held  up  to  Mr.  Hall  and  me  as 
the  coming  aircraft  engine  in  Europe,  did  not  come 
through  the  experimental  stage  as  fast  as  had  been  an- 
ticipated. While  Captains  Clark  and  Marmon  were  in 
Europe  they  examined  both  eight  and  twelve  cylinder 
models  of  this  engine,  but  upon  their  return  stated  that 
it  had  not  yet  gone  into  quantity  production,  and  as  nearly 
as  they  could  determine  these  engines  were  still  in  the 
experimental  stage.  Our  Government  had  for  months  a 
standing  order  to  ship  one  of  the  twelve-cylinder  Lor- 
raine-Dietrich engines  to  us,  but  it  was  never  received. 
It  is  obvious,  therefore,  that  it  would  have  been  a  great 
mistake  to  depend  on  putting  either  of  these  Lorraine- 
Dietrich  engines  into  production  in  the  United  States. 

The  only  other  allied  engine  that  looked  at  all  interest- 
ing was  the  Bugatti,  and  arrangements  were  mi^de  to 
bring  a  sample  of  this  engine  to  America,  so  that  it 
might  be  put  into  production.  As  was  to  be  expected,  it 
had  to  be  entirely  redesigned  for  American  methods  of 
manufacture,  with  the  result  that  it  was  just  getting  into 
production  when  the  armistice  was  signed.  This  engine 
was  designed  for  a  special  type  of  service  and  can  never 
be  as  light  per  horsepower  as  the  Liberty.  It  may, 
however,  have  distinct  military  value  for  certain  kinds 
of  work. 

A  Standardized  Line  of  Engines 

To  sum  up  what  has  been  accomplished  by  the  design- 
ing of  the  standardized  Liberty  aircraft  engine,  I  will 
state  that  this  development  made  it  possible  for  the 
United  States  to  produce  large  quantities  of  400  to 
420-hp.  reliable  light-weight  aircraft  engines.  Handling 
of  the  maintenance  problem  was  greatly  ficcilitated,  witH 
but  one  set  of  repair  parts  for  the  vast  number  of  engines 
manufactured. 

I  am  not  in  possession  of  exact  information  regarding 
production,  but  I  know  that  the  first  production  engine 
was  delivered  to  the  Government  in  less  than  six  months 
from  the  date  that  Mr.  Hall  and  I  turned  in  our  original 
recommendation,  and  within  a  year  from  the  date  our 
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recommendation  was  made  some  five  or  six  large  com- 
panies were  in  quantity  production,  and  the  output  was 
increasing  steadily  day  by  day. 

Had  the  war  gone  on  for  a  few  more  months,  we  would 
also  have  been  producing  the  280  to  300-hp.  Liberty  Eight 
in  large  quantities  for  single-seater  fighting  or  chasse 
machines.  To  take  care  of  the  maintenance  work  on 
these  eight-cylinder  engines,  it  would  have  been  necessary 
to  put  into  stock  only  some  twelve  additional  parts,  as 
the  eight-cylinder  parts  are  interchangeable  with  the 
twelve-cylinder,  except  as  to  a  few  special  parts  sueh 
as  the  crankcase,  crankshaft  and  the  like. 

An  important  advantage  of  the  standardized  line  of 
engines,  which  is  ordinarily  overlooked,  is  the  matter  of 
installation  in  planes.  To  be  a  good  job,  all  airplanes 
must  be  designed  around  the  engine  and  equipment. 
Every  different  tyi)e  of  engine  presents  many  new  in- 
stallation difficulties.  We  have  worked  out  a  standard 
form  of  installation  for  the  standardized  line  of  Liberty 
engines,  so  that  we  can  give  a  plane  designer  definite 
information  as  to  the  engine  tachometer,  the  gasoline 
system,  the  oil  system,  cooling  system,  the  spark  throttle 
and  altitude  control  system,  and  many  other  details  too 
numerous  to  mention. 

I  have  talked  with  many  experts  who  have  been  sent 
over  by  our  allies,  and  all  who  have  had  practical  experi- 
ence at  the  front  state  emphatically  that  the  most  im- 
portant thing  about  a  military  airplane  is  to  have  it 
reliable,  and  they,  therefore,  agree  with  me  that  it  is 
very  important  to  have  all  the  systems  standardized  as 
outlined  above  so  that  the  troubles  can  be  eliminated 
from  them.  They  have  stated  to  me  that  it  has  never 
been  possible  to  work  out  good  standardized  systems 
abroad,  because  they  have  had  so  many  different  kinds 
of  engines  to  install.  On  this  account,  most  of  their 
installations  have  been  more  or  less  makeshifts,  and  a 
very  large  percentage  of  their  failures  has  been  due  to 
failures  of  some  part  of  these  systems,  rather  than  to 
the  engine  or  plane  proper. 

I  hope  that  I  have  made  the  matter  of  standardization 
clear,  as  I  consider  it  of  the  utmost  importance,  but  I  do 
not  want  to  be  understood  as  advocating  that  the  Gov- 
ernment use  only  one  or  two  kinds  of  engines  during 
peace  time.  The  standardized  Liberty  aircraft  engine 
was  designed  to  meet  an  actual  emergency,  and  I  believe 


Digitized  by 


Google 


THE  LIBESTT  AIBCRAFT  ENGINE  403 

that  everybody  who  is  familiar  with  the  facts,  will  agree 
that  it  was  a  very  wise  move.  On  the  other  hand,  it 
would  greatly  retard  development  if  the  Government  did 
not  give  careful  and  unprejudiced  consideration  to  all 
designs  submitted  during  peace  times.  If  there  is  to 
be  any  real  progress  in  the  development  of  aircraft 
engines,  airplanes  or  airplane  equipment,  however,  it 
must  be  brought  about  by  the  cooperation  of  engineers 
and  proper  officials  of  our  Government. 

At  the  present  time,  the  Engineering  Division  of  the 
Bureau  of  Aircraft  Production  and  the  Technical  Sec- 
tion of  the  Department  of  Military  Aeronautics  are  being 
merged  into  one  peace-time  organization,  which  will 
probably  be  known  as  the  Technical  Section  of  the  De- 
partment of  Military  Aeronautics.  This  reorganization 
is  being  carried  out  under  the  direction  of  CoL  T.  H. 
Bane  of  the  Air  Service. 

The  Technical  Section  of  the  Department  of  Military 
Aeronautics  is  a  mammoth  bureau  of  information,  having 
on  file  at  the  present  time  a  complete  record  of  the  present 
state  of  the  art,  not  only  in  this  country  but  in  all 
important  foreign  countries  as  well.  In  addition  to 
serving  as  a  bureau  of  information,  this  section,  through 
its  officers,  acts  in  an  advisory  capacity  to  engineers,  as 
critic  of  designs  or  sample  machines,  and  as  an  experi- 
mental organization  to  test  out  all  designs  which  are 
submitted.  By  co-operating  with  this  d^artment,  all 
engineers  may  secure  exactly  the  same  data  and  advice, 
and  be  sure  that  their  equipment  will  be  tested  in  an 
unbiased,  as  well  as  in  a  standardized,  way.  In  other 
words,  all  engineers  will  have  exactly  the  same  chance, 
and  may  be  informed  beforehand  as  to  just  what  tests 
their  equipment  will  have  to  pass  through. 

If  the  Department  of  Military  Aeronautics  is  given 
proper  support,  as  it  must  be  if  we  are  to  remain  pre- 
pared in  our  air  service,  the  Government  will  be  in  a 
position  to  go  into  production  quickly  in  any  emergency, 
because  the  Technical  Section  will  have  a  complete  record 
of  all  tests,  and  will,  therefore,  be  able  to  select  the  best 
equipment  of  each  kind ;  and,  furthermore,  it  will  be  in 
possession  of  the  necessary  drawings,  specifications,  etc., 
so  that  in  such  emergency  there  will  be  no  necessity  for 
an  experimental  stage. 

In  closing  this  chapter  of  my  paper,  I  want  to  urge 
all  engineers  who  are  interested  in  aeronautics  to  coop- 
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erate  with  the  Technical  Section  of  the  Department  of 
Military  Aeronautics,  and  work  for  the  maintenance  of 
a  permanent  technical  department,  in  connection  with 
our  Air  Service,  so  that  we  may  never  again  be  caught 
in  the  pitiful  condition  that  existed  in  the  early  part 
of  1917. 

Figs.  1  to  8  inclusive  are  representative  of  the 
Liberty  twelve-cylinder  aircraft  engine  as  it  was  being 
produced  at  the  time  the  armistice  was  signed.  Figs. 
9^  to  13  inclusive  show  certain  alterations  in  the  car- 
bureter and  intake-header  construction,  which  I  will 
refer  to  and  describe  later.  I  will  now  take  up  the 
important  elements  of  the  engine  and  endeavor  to  point 
out  the  reasons  for  the  design  selected,  as  well  as  the 
results  obtained. 

Crankshaft 

Figs.  4  and  5  clearly  indicate  the  general  construction 
of  the  conventional  type  of  seven-bearing  crankshaft. 
This  type  was  selected  because  the  comparatively 
large  bore  and  stroke  of  the  engine  made  it  practically 
impossible  to  consider  any  less  number  of  bearings.  No 
counterweights  were  considered,  because  the  engine  is 
of  the  direct-drive  tjrpe,  and  not  intended  to  run  over 
1800  r.p.m.  At  this  speed  the  main  bearing  pressures, 
due  to  centrifugal  force,  are  not  excessive.  All  main 
bearings,  except  the  front  one,  are  of  the  same  length, 
which,  of  course,  results  in  the  bearing  pressures  being 
highest  on  the  center  bearing.  Conservative  design 
would  have  dictated  a  longer  center  bearing,  but  as  this 
would  have  lengthened  the  engine  and  added  some 
weight,  we  decided  against  it,  as  calculations  and  experi- 
ence indicated  that  it  was  not  absolutely  necessary. 
Although  this  center  bearing  actually  showed  more  wear 
in  service  than  any  x>f  the  others,  it  was  never  a  source 
of  trouble,  as  the  wear  was  not  excessive.  From  my 
experience  with  these  engines,  I  would  make  the  same 
decision  again  under  the  same  circumstances,  but  would 
lengthen  the  bearing  about  50  per  cent,  if  I  were  design- 
ing an  engine  for  commercial  aviation.  In  this  connec- 
tion I  will  also  state  that  for  a  commercial  aviation  en- 
gine, I  would  make  all  main  bearing  shells  ^  in.  thick, 
instead  of  3/16  in.,  as  in  the  case  of  the  Liberty. 

The  crankshaft  main  bearing  journals  are  all  2%  in. 
in  diameter  and  the  crankpins  2%  in.    The  crankshaft 
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cheeks,  as  originally  designed,  were  the  weakest  point, 
and  when  we  began  to  get  into  quantity  production,  small 
variations  in  material  and  heat-treatment  occasionally 
resulted  in  a  broken  shaft,  sometimes  within  a  few 
hours  and  sometimes  after  from  50  to  100  hr.  use.  It 
was,  of  course,  impossible  to  make  the  cheeks  any  thicker, 
and  it  was,  therefore,  decided  to  widen  them  to  take  the 
shape  shown  in  Fig.  4. 

So  far  as  I  am  aware;  no  crankshafts  of  the  revised 
design  were  ever  broken,  with  the  exception  of  the  occa- 
sional shaft  that  contained  a  flaw,  and  these  usually  let 
go  before  the  engine  had  passed  its  manufacturer's  test. 
It  is  my  belief  that  the  crankshaft  as  strengthened  is  an 
entirely  practical  and  satisfactory  design  for  this  type 
and  power  of  engine. 

CONNECTING-RODS 

The  designs  of  connecting-rods  and  connecting-rod  big- 
end  bearings,  as  originally  specified,  were  on  the  light 
side,  and  while  the  connecting-rods  themselves  would 
stand  up  indefinitely,  if  made  out  of  the  best  material 
with  the  best  heat-treatment,  the  least  variation  would 
result  in  trouble.  It  was,  therefore,  decided  to  thicken 
all  sections  about  1/32  in.,  and  while  this  added  weight 
to  the  engine,  it  made  a  thoroughly  practical  manufactur- 
ing proposition. 

One  of  the  sources  of  trouble  with  the  original  design 
was  sharp  comers  under  the  connecting-rod  bolt  heads, 
and  these  were  generously  filleted  in  the  redesign.  The 
trouble  with  the  connecting-rod  bearings  was  that  they 
were  too  thin,  with  the  result  that  they  went  out  of 
shape  under  heavy  load,  and  the  continual  distortion 
would  crack  the  babbitt.  These  bearings  would  not  bum 
out  or  break,  but  the  babbitt  would  simply  disintegrate, 
with  the  result  that  when  the  engine  was  taken  down 
after  50-hr.  use,  the  bearings  would  be  in  bad  shape, 
and  would  all  have  to  be  replaced.  This  trouble  was 
entirely  overcome  by  increasing  the  thickness  so  that 
the  thinnest  portion  under  the  straddle-rod  forks  was 
9/32  in.  thick. 

The  connecting-rods  and  connecting-rod  big-end  bear- 
ings as  finally  proved  out  and  standardized,  gave  a  uni- 
formly satisfactory  result,  and  I  would  not  know  how 
to  improve  them  if  called  upon  to  do  so  at  this  time. 
We  carried  out  a  great  many  experiments  at  McCook 
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Field  with  various  kinds  of  V-type  connecting-rods,  in- 
cluding the  so-called  "marine-type/'  such  as  is  used  on 
the  300-hp.  Hispano-Suiza»  and  the  so-called  "articulated 
type/'  such  as  is  used  on  the  Rolls-Royce.  Bo1;h  of  these 
types  can  be  made  perfectly  satisfactory,  but  we  could 
not  determine  that  they  were  any  better  than  the  so-called 
"straddle-rod  type/'  as  standardized  for  use  on  the  Lib- 
erty. The  connecting-rod  piston-pin  bushing,  with  its 
splash  lubrication,  proved  entirely  satisfactory,  which 
seems  to  indicate  that  there  is  no  necessity  for  canying 
pressure  oil  to  the  piston-pin. 

The  connecting-rod  length  to  stroke  ratio  is  1.71  to  1. 
This  proved  satisfactory  but  I  would  not  recommend 
designing  an  aircraft  engine  with  any  lower  ratio. 

FiSTONS 

The  die-cast  aluminum-alloy  piston  design,  as  origin- 
ally laid  down,  proved  very  satisfactory,  and  was  never 
changed.  This  piston  design  was  originally  dictated  by 
Mr.  Hall's  experience,  as  he  had  proved  by  extensive 
experimental  work,  the  value  of  a  very  thick  head  and 
tapered  piston  wall  increasing  in  thickness  toward  the 
top,  in  order  to  be  as  thick  back  of  the  piston-rings  as 
through  the  head.  The  purpose  of  this  thick  piston 
head  and  tapered  wall  is,  of  course,  to  provide  for  the 
proper  transfer  of  heat  from  the  piston  head  to  the 
cylinder  wall. 

The  piston-pin  is  of  the  floating  type,  held  in  position 
by  aluminum  washers  pressed  into  the  piston  at  each 
side.  This  construction  proved  to  be  very  satisfactory 
and  prevented  the  usual  trouble  of  cotter-pins  and  set 
screws  dropping  into  the  crankcase. 

We  had  a  little  trouble  at  first  with  the  pistons  scoring, 
'  because  they  were  too  soft  to  work  satisfactorily  against 
the  steel  cylinder.  This  trouble  was  quickly  cured  by 
making  the  pistons  harder  and  watching  the  heat-treat- 
ment of  the  cylinders  to  get  them  of  a  uniform  hardness, 
though  still  machinable. 

Fig.  4  shows  the  high-compression  piston  had  a  com- 
pression ratio  of  5.4  to  1.  The  low-compression  piston  is 
flat  on  top  but  has  the  same  bearing  length  as  the  high- 
compression  type.  The  low-compression  piston  was  used 
for  all  Navy  engines,  as  they  work  at  comparatively  low 
altitude,  and  the  high-compression  for  all  Army  engines, 
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as  they  were  intended  for  use  principally  at  high  alti- 
tude. 

Propeller-Hub 

As  originally  designed,  the  propeller-hub  was  to  be 
put  on  the  crankshaft  permanently,  as  it  was  feared 
that  a  detachable  hub  would  give  trouble  in  an  engine  of 
such  large  power.  This  design,  however,  was  contrary  to 
foreign  practice,  and  so  much  pressure  was  brought  to 
bear  in  favor  of  the  detachable  hub  that  the  design  was 
changed  before  the  engine  was  ordered  into  production. 

Fig.  5  shows  the  propeller-hub  as  finally  designed, 
including  the  propeller-hub  key  running  clear  out  to  the 
rear  end.  The  taper  is  1  to  12.  The  propeller-hub  key 
as  originally  put  into  production  was  short  and  did  not 
extend  within  1  in.  of  the  rear  end.  This  construction 
gave  trouble,  in  that  the  hub  ^^ould  freeze  on  the  shaft, 
making  it  hard  to  remove  and  impossible  to  replace  with- 
out filing  and  lapping. 

This  trouble  was  largely  overcome  and  a  practical 
result  obtained  by  extending  the  key  clear  to  the  rear 
end  of  the  hub  and  grinding  the  shaft  and  hub  so  that 
all  the  draw  came  at  the  rear  end.  By  this  I  mean  that 
the  tapers  were  made  so  that  they  did  not  exactly  match, 
and  the  front  end  of  the  shaft  would  be  perhaps  0.001 
in.  loose  with  the  rear  end  drawn  up  tight.  This  simply 
insured  that  the  hub  would  be  absolutely  tight  at  its  big 
or  driving  end. 

The  offset  hub,  as  shown  in  Fig.  5,  was  really  an  after- 
thought to  allow  room  for  shutters  in  front  of  the  radia- 
tor, but  it  proved  more  satisfactory  than  the  conventional 
type,  due,  it  is  believed,  to  the  reinforcing  of  the  rear 
flange  by  the  hub  extension.  The  diameters  of  the  pro- 
peller-hub flanges  and  bolt-circle,  as  well  as  the  thickness 
of  the  propeller-hub,  proved  entirely  adequate  for  the 
horsepower  output  of  the  engine. 

Crankcase 

As  shown  in  Figs.  1,  2,  8,  4  and  5,  the  crankcase  is 
of  the  deep  box-section  type;  the  upper  and  lower  halves 
being  lapped  together  and  firmly  anchored  to  each  other 
by  numerous  bolts  around  the  flanges,  as  well  as  long 
through-bolts  on  each  side  of  all  main  bearings.  The 
design  of  the  individual  steel  cylinders  made  it  possible 
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to  extend  them  down  into  the  crankcase,  thus  greatly 
increasing  the  possible  depth  and  strength  of  the  crank- 
case»  and  at  the  same  time  making  it  possible  to  reduce 
the  included  angle  between  the  two  rows  of  cylinders  to 
45  deg.  As  is  clearly  indicated,  the  main  bearings  are  car- 
ried between  the  upper  and  lower  halves.  In  my  opinion, 
the  design  of  this  crankcase  had  a  great  deal  to  do  with 
the  satisfactory  operation  of  the  Liberty  engine,  and  I 
know  that  no  other  type  could  be  designed  anjrthing  like 
as  light  and  still  stand  up. 

After  the  Liberty  engine  had  been  in  production  for 
some  months,  a  well-known  English  engine  expert  came 
to  America,  and  in  carefully -going  over  the  design  of  the 
engine  with  me,  he  asked  where  we  got  our  information 
as  to  the  design  of  the  crankcase.  After  I  explained  its 
advantages,  he  told  me  that  they  were  just  then  beginning 
to  realize  the  value  of  the  box-section  type  of  crankcase 
in  England,  and  that  experiments  carried  out  recently  had 
proved  to  them  that  this  type,  with  the  bearings  carried 
between  halves,  is  a  very  great  improvement  over  any 
other  design  which  they  had  used.  The  engine  bed  flange 
design,  including  the  number  of  bolts,  form  of  ribbing, 
etc.,  has  proved  entirely  satisfactory. 

Cylinders 

The  individual  cylinder  design  was,  of  course,  origin- 
ally selected  on  account  of  the  necessity  for  a  seven- 
bearing  crankshaft,  but  while  the  design  was  being  laid 
down  it  was  recognized  that  the  individual  design  was 
right  for  several  other  reasons.  This  design  made  it 
possible  to  machine  pilots  to  extend  into  the  crankcase, 
thus  increasing  the  depth  of  the  crankcase  and  making  it 
possible  to  narrow  up  the  angle  without  weakening  the 
crankcase  too  much  at  the  center  or  having  the  cylinder 
flanges  overlap.  The  steel  cylinders  as  selected  for  this 
make  for  more  simple  machining  and  easier  application 
of  the  steel  water-jacket.  This  design  also  permits 
easy  assembling  and  dismantling  of  the  engine,  and 
therefore  facilitates  manufacture  as  well  as  maintenance. 
It  is  very  convenient  to  be  able  to  remove  a  damaged 
cylinder  quickly  without  disturbing  the  remainder  of  the 
engine  and  without  removing  it  from  the  plane.  The 
design  of  steel  cylinder  is  shown  in  Figs.  1,  4  and  5.  In 
my  opinion  the  steel  cylinder  is  the  lightest  that  can  be 
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designed,  and  its  construction  provides  for  the  best  pos- 
sible valve  cooling.  In  spite  of  the  fact  that  the  Liberty 
valve  is  2^/2  in.  in  diameter  in  the  clear,  it  cools  very 
satisfactorily,  and  I  have  seen  a  great  many  engines 
taken  down  after  100  hr.  flying,  with  the  valves  still  in 
good,  serviceable  condition.  Owing  to  the  shape  of  the 
steel  water-jacket  around  the  spark-plug,  considerable 
difliculty  was  experienced  in  producing  this  stamping, 
but  dies  were  finally  devised  which  produced  a  very  per- 
fect result  with  the  minimum  of  scrap. 

One  of  the  big  manufacturing  problems  in  connection 
with  the  steel  cylinder  was  to  secure  hollow  forgings 
of  the  proper  material,  which  would  provide  for  the 
minimum  removal  of  material  in  machining.  This  job 
was  submitted  to  two  different  companies,  the  Ford  Motor 
Co.,  Detroit,  and  the  J.  G.  Brill  Co.,  Philadelphia.  Both 
worked  out  a  thoroughly  satisfactory  and  economical 
forging.  The  Ford  company  developed  a  process  to 
make  this  forging  from  steel  tubing,  while  the  J.  6.  Brill 
Co.  used  a  process  to  make  the  forgings  from  billets.  One 
of  the  difficulties  in  producing  this  forging  was  the  fact 
that  its  flange  is  located  several  inches  from  the  lower 
end.  It  is  my  belief  that  both  companies  finally  used  the 
same  process  to  produce  this  flange,  consisting  of  an 
upsetting  operation,  with  the  bore  properly  reinforced 
by  a  pilot. 

The  valve-port  cages  are  machined  from  separate 
forgings  and  welded  on,  the  camshaft  housing  support 
bosses  being  machined  as  an  integral  part  of  these  port9. 
The  design  is  such  as  to  provide  water-cooling  for 
almost  the  entire  length  of  the  exhaust-valve-stem  guide. 
Proper  welding  on  of  the  steel  jackets  proved  to  be  simply 
a  matter  of  practice,  to  get  a  good  job,  and  girls  were 
used  largely  for  performing  this  operation.  The  only 
trouble  that  I  have  ever  heard  of  in  connection  with  these 
cylinders  was  an  occasional  leak  in  the  water-jackets, 
which  usually  occurred  at  the  top  of  the  jacket.  This 
trouble  would  not  occur  frequently  enough  to  be  of  any 
great  importance,  but  we  carried  on  extensive  experi- 
mental work  in  an  endeavor  to  find  out  what  caused  it, 
and  came  to  the  conclusion  that  it  was  caused  by  the 
flexing  of  the  jacket,  due  to  slight  distortion  of  the 
cylinder  head  under  the  force  of  the  explosion.  If  this 
is  a  correct  deduction,  the  trouble  could  be  cured  in  two 
ways,  one  being  to  put  a  positive  tie  between  the  valve 


Digitized  by 


Google 


410  THE    SOCIETY    OF    AUTOMOTIVE    ENGINEERS 

ports  and  the  other  to  thicken  the  cylinder-head,  say 
1/16  in. 

Camshaft  Housing 

The  camshaft  and  housing  assembly,  as  well  as  the 
valve  rocker-arms,  are  clearly  shown  in  Pig.  6.  This  con- 
struction proved  to  be  very  satisfactory,  as  it  is  positive 
in  operation,  practically  never  gives  trouble,  is  quite  easy 
to  assemble  and  disassemble,  and  throws  very  little  oil. 
This  is  the  only  type  of  valve-operating  mechanism  that 
has  given  real  satisfaction  in  connection  with  V-t3i>e 
engines  having  steel  cylinders  and  exposed  valve-springs. 
It  is,  of  course,  a  much  simpler  problem  to  work  out  a 
valve-operating  mechanism  for  cast-in-block  engines  like 
the  Hispano-Suiza,  where  the  entire  valve  mechanism  is 
covered  and  therefore  X)il-tight. 

The  arrangement  of  the  driving  gears  proved  very 
satisfactory  after  we  had  overcome  the  initial  troubles, 
due  to  bad  design,  such  as  lack  of  proper  fillets,  metal 
being  cut  down  too  thin  under  the  teeth,  etc.  During 
the  early  manufacture  there  was  a  tendency  to  make 
these  gears  too  hard. 

Some  trouble  was  experienced  with  the  meshing  of 
the  bevel  gears  in  the  early  stages  of  manufacture,  due 
to  the  expansion  of  the  crankcase  and  crankshaft  under 
heat.  This  trouble  was  finally  overcome  by  working  out 
the  proper  clearances  and  then  shimming  to  that  clear- 
ance. 

The  latest  Mercedes  engines  contain  a  very  great 
improvement,  however,  at  this  point.  The  bevel  gear  is 
splined  on  the  crankshaft  with  a  sliding  fit,  and  a  sepa- 
rate thrust  is  provided  to  locate  the  gear  and  determine 
its  mesh.  This  does  away  with  all  variations  due  to 
expansion  and  contraction,  and  is  therefore  a  great  im- 
provement. 

Before  we  had  extensive  experience  with  these  en- 
gines it  was  predicted  that  we  would  have  a  great  deal 
of  trouble  from  breakage,  due  to  crankshaft  vibration. 
I  know  that  the  Rolls-Royce  Company  did  have  serious 
trouble  of  this  kind,  and  was  forced  to  put  a  com- 
pensating spring  drive  on  the  crankshaft  gear.  I  believe 
that  we  would  have  had  the  same  trouble  with  the 
Liberty,  had  tHe  cylinders  been  placed  at  an  angle  of 
60  deg.,  but  due  to  the  45-deg.  angle  the  periodic  vibra- 
tion seems  to  be  broken  up  to  a  marked  degree. 
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This  could,  of  course,  be  proved  only  by  building  a 
sample  60-deg.  Liberty,  but  I  firmly  believe  that  the 
45-deg.  allowed  us  to  get  by  at  this  point  with  the  simple 
light  construction. 

Lubrication 

The  double-deck  oil-pump  and  pressed-in  oil  manifolds 
are  shown  in  Fig.  5.  The  crankcase  is  of  the  dry  type, 
all  oil  being  returned  to  an  outside  tank,  cooled  and  then 
pumped  to  the  bearings  under  pressure. 

As  originally  designed,  the  so-called  scupper  type  of 
oiling  system  was  provided  for  the  connecting-rod  big- 
end  bearings.  With  this  system  the  crank  cheeks  are 
not  drilled,  but  part  of  the  oil  which  works  out  of  the 
ends  of  the  main  bearings  is  caught  by  scuppers  or 
scoops  and  conducted  into  the  large  drilled  hole  through 
the  crankpin.  This  system  has  some  very  desirable 
features,  among  which  are  simplicity  and  superior  oil 
economy,  and  under  ordinary  conditions  it  works  ex- 
tremely well,  but  unfortunately  it  has  one  serious  draw- 
back. Due  to  the  fact  that  the  large  holes  through  the 
crankpins  are  open,  all  of  the  oil  drains  out  when  the 
engine  is  stopped,  except  in  those  crankpins  which  are 
near  the  bottom.  This  does  not  make  much  difference 
in  warm  weather,  as  the  oil  will  quickly  flow  to  the  ends 
of  the  main  bearings  and  be  caught  by  the  scuppers 
when  the  engine  is  started,  but  under  cold-weather  con- 
ditions trouble  results,  and  bearings  are  liable  to  be 
burned  out,  particularly  if  the  throttle  is  opened  quickly 
after  starting.  Since  this  scupper-feed  oil  system  had 
been  criticized  by  foreign  engineers,  we  lost  no  time 
in  changing  over  to  the  full  pressure-feed  system  as 
soon  as  the  first  trouble  showed  up.  Comparatively  few 
engines  were  manufactured  with  the  scupper  feed,  and 
so  far  as  possible  all  light  crankshaft  scupper-fed  engines 
were  kept  in  this  country. 

After  adopting  the  full  pressure-feed  system  no  fur- 
ther lubrication  trouble  was  encountered,  with  the  ex- 
ception of  over-oiling  of  the  cylinder  and  fouling  of  plugs 
at  high  altitudes.  This  trouble  was  very  largely  overcome 
by  drilling  a  hole  in  the  by-pass  valve  of  such  size  as 
to  lower  the  oil  pressure  to  about  3  to  7  lb.  under  idling 
conditions,  and  still  provide  30  to  40  lb.  of  oil  pressure 
under  full  load.  This  device  was  entirely  satisfactory, 
with  the  exception  that  it  varied  somewhat  with  dif- 
ferent kinds  of  oil. 
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At  the  time  the  armistice  was  signed  we  were  experi- 
menting in  the  air  with  various  kinds  of  devices  inter- 
connected with  the  throttle  to  control  the  oil  pressure 
positively.  This  is  a  comparatively  easy  thing  to  design, 
but  we  wanted  to  accomplish  the  result  without  making 
any  changes  in  the  basic  parts  of  the  Liberty  engine. 
Although  this  device  never  got  into  production,  I  feel 
that  the  principle  of  positively  controlling  the  oil  pres- 
sure is  correct  and  should  be  a  part  of  any  aircraft 
engine  design. 

Cooling  System  • 

The  construction  of  the  water-pump  is  clearly  shown 
in  Fig.  6.  One  of  the  important  features  of  this  pump 
is  the  automatic  spring  take-up  of  the  two  stuffing-boxes, 
one  of  which  seals  the  oil  in  the  engine  and  the  other 
the  water  in  the  pump.  This  construction  proved  very 
satisfactory.  From  an  installation  point  of  view,  the 
water-pump  is  located  in  rather  a  bad  place  and  experi- 
ence seems  to  indicate  that  the  best  practical  place  to 
locate  the  water-pump  is  at  the  bottom  of  the  crankcase 
near  the  rear  end,  in  a  vertical  position,  as  on  the  His- 
pano-Suiza  aircraft  engine.  Nothing  which  ever  has  to 
be  got  at  should  be  placed  on  the  rear  end  of  an  air- 
craft engine,  as  it  is  often  desirable  to  locate  the  engine 
just  in  front  of  a  permanent  bulkhead.  To  have  located 
the  water-pump  as  suggested  in  the  Liberty  engine  it 
would,  of  course,  have  been  necessary  to  have  a  different 
arrangement  of  the  oil-pump.  The  Hispano-Suiza  oil- 
pump  is  a  very  satisfactory  arrangement,  but  I  prefer 
that  the  oil-pump  be  placed  so  that  it  can  be  reached 
from  the  bottom  or  one  side  of  the  crankcase,  without 
disturbing  the  water-pump  or  any  other  accessory. 

Many  rumors  have  been  circulated  that  the  Liberty 
engine  is  hard  to  cool,  but  this  is  not  and  never  was  a 
fact.  We  did  have  two  difficulties  in  connection  with 
cooling  the  Liberty  engine,  one  being  that  of  the  difficulty 
which  we  had  in  obtaining  good  tubular  radiators,  and 
the  other  that  involved  in  working  a  400-hp.  radiator  into 
the  design  of  a  plane  which  had  originally  been  laid  out 
for  240-hp.  We  were  handicapped  by  not  knowing  just 
how  much  radiation  to  provide,  as  there  is  a  great  deal 
of  difference  between  cooling  an  engine  on  the  ground  and 
at  10,000  or  15,000  ft. 

We  finally  adopted  the  British  practice  on  radiators, 
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as  follows:  All  radiators  to  be  of  the  tubular  type  with 
the  ratio  between  the  inside  diameter  of  the  tube  and 
its  length  1  to  12  desired,  and  from  1  to  10  to  1  to  14  per- 
missible; the  size  of  the  radiator  to  be  determined  by  the 
horsepower  output  on  the  climb,  0.7  sq.  ft.  of  wetted 
surface  per  hp.  output  being  the  desired  figure.  The  area 
of  the  wetted  surface  is  determined  by  calculating  the 
outside  surface  of  the  tubes,  nothing  being  deducted  for 
the  short  space  taken  up  at  each  end  by  solder : 


""^^^  =0.7 


144p 

Where  d  =  outside  diameter  of  tube  in  inches 
I  =  length  of  the  tube  in  inches 
n  =  the  number  of  tubes 
p  =  horsepower  on  the  climb 

This  formula  has  been  extensively  used,  and  a  radiator 
designed  in  accordance  with  it  will  give  perfect  satisfac- 
tion on  any  well-designed  aircraft  engine,  provided  the 
radiator  is  well  made,  properly  located,  and  the  air-flow 
through  it  is  not  badly  choked  by  obstructions. 

For  military  work,  shutters  must  be  provided  in  front 
of  the  radiator,  so  that  the  pilot  can  close  off  the  cold 
air  and  regulate  the  temperatures  at  great  altitudes, 
particularly  when  gliding  in  cold  weather. 

Ignition 

Figs.  2  and  5  show  the  arrangement  of  the  ignition 
generator,  as  well  as  the  ignition  heads  of  the  Liberty 
generator  type  of  ignition.  The  small  lO-amp.-hr.  battery 
used  in  connection  with  this  system  can  be  located  in  any 
convenient  place  about  the  plane,  and  the  double  ignition 
switch  is,  of  course,  placed  at  a  convenient  point  on  the 
instrument-board. 

At  the  time  the  Liberty  engine  was  designed,  so  far 
as  we  knew  no  reliable  light-weight  twelve-cylinder  mag- 
netos were  in  existence,  and  we  did  not  want  to  follow 
the  foreign  practice  of  using  four  six-cylinder  magnetos, 
not  only  because  of  their  weight,  but  also  on  account  of 
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the  weight  and  complications  of  the  necessary  drives. 
Mr.  Hall  and  I  had  both  had  -extensive  experience  with 
the  generator  tjrpe  of  ignition  on  aviation  engines,  and 
knowing  that  a  light-weight  reliable  outfit  could  be  se- 
cured, we  deliberately  incorporated  it  in  the  design,  al- 
though we  anticipated  that  we  would  meet  with  stub- 
bom  resistance  from  people  who  had  not  had  experience 
with  this  type  of  ignition.  The  design,  as  originally  laid 
down  for  this  engine,  proved  to  be  exceedingly  satisfac- 
tory, and  very  few  changes  were  made  during  the  early 
experimental  stages. 

As  indicated  in  the  drawings,  an  ignition  distributor 
head  complete  with  a  coil  located  at  the  rear  end  of  each 
camshaft  housing;  each  one  of  these  heads  is  cross- 
wired  so  as  to  make  it  possible  to  secure  ignition  in 
twelve  cylinders  on  either  head,  thus  providing  a  com- 
plete double  systenL 

One  of  the  very  desirable  features  of  tiie  Liberty  en- 
gine which  is  directly  traceable  to  its  ignition,  is  ease 
in  starting,  it  only  being  necessary  to  pull  the  engine  over 
very  slowly  to  start  it. 

My  experience  would  indicate  that  with  a  large-bore 
engine  it  is  much  better  to  start  by  pulling  it  over 
slowly  than  on  the  spark  with  the  starting  magneto  or 
vibrator.  I  believe  this  is  due  to  the  fact  that  to  start 
on  the  spark  it  is  necessary  to  have  the  mixture  just 
right  and  on  the  rich  side,  and  where  several  attempts 
are  made  to  start  from  the  spark,  excess  gasoline  often 
accumulates  in  the  cylinders  and  cuts-  the  oil  off  the 
pistons,  due  to  the  large  clearances.  -This  iff  apt  to  result 
in  scored  cylinders. 

I  think  the  principal  objection  to  the  Liberty  ignition 
system  is  the  location  of  the  ignition  heads.  They  were, 
of  course,  placed  in  their  present  position  to  obtain  sim- 
plicity and  light  weight,  but  in  some  installations  they 
are  in  the  way  of  a  permanent  bulkhead,  and  would  be 
better  located  if  placed  at  the  side.  It  would,  of  course, 
add  something  to  the  weight  to  place  them  anywhere  else, 
and  this  is  a  factor  which  would  have  to  be  taken  into 
consideration.  Since  the  Liberty  engine  was  designed, 
some  excellent  twelve-cylinder  magnetos*  have  been 
developed,  and  it  is  entirely  possible  that  in  laying  out 
a  new  design  at  the  present  time  a  magneto  installation 
might  be  provided  which  would  be  just  as  light  and  just 
as  reliable  as  the  generator  type  used  on  the  Liberty. 
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This  is  a  matter  which  would  have  to  be  proved  by  actual 
design  and  exhaustive  experimental  work. 

Carburetion 

At  the  time  the  Liberty  engine  was  designed,  the  only 
proved-out  aircraft  carbureter  available  in  this  country 
was  the  old-style  single-venturi  Zenith,  and,  although  we 


F;o.    7 — AvERAQE    Characteristic    Performance    Curves    of    Well 
WoRKKD-iN   Twelve-Cylinder   Liberty    Engine 
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knew  that  this  carbureter  would  not  be  entirely  satis- 
factory, we  had  to  specify  it  until  such  time  as  we  could 
get  definite  information  on  something  better. 

Figs.  1,  4  and  5  show  the  arrangement  of  the  Zenith 
carbureter,  the  intake  header  and  water  outlet  arrange- 
ments. It  will  be  noted  that  four  intake  headers  are 
Used,  each  serving  three  cylinders.    It  will  also  be  noted 


PiQ.  8 — AvERAQE  Characteristic  Performance  Curves  op  Twblvb- 
Ctlinder  Liberty  Engine  as  Dcliverbd  bt  Buiij>br 
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that  hot  water  is  taken  out  of  the  top  of  the  cylinders 
into  water-jackets  on  top  of  the  intake  headers  and  piped 
from  there  to  the  radiator  inlet.  This  arrangement  of 
intake  header  proved  very  satisfactory,  and  resulted  in 
very  good  distribution  at  all  altitudes.  It  will  be  noted 
that  the  throttle-valves  in.  the  carbureter  were  arranged 
fore-and-aft,  instead  of  crosswise,  to  prevent  interfering 
with  the  distribution  under  throttled  conditions.  This 
arrangement  proved  very  satisfactory.  The  altitude  ad- 
justment originally  provided  on  these  carbureters  had 
very  little  effect  on  the  mixture  and  was,  therefore,  un- 
satisfactory. 

No  strainers  were  provided  in  the  original  carbureter 
design,  as  it  was  thought  that  a  strainer  could  be  lo- 
cated in  a  more  accessible  place.  Experience  proved  this 
idea  to  be  wrong,  as  small  particles  from  the  rubber  hose 
connections  would  work  into  the  carbureter  and  block  the 
nozzles.  This  was  particularly  annoying,  as  the  carbu- 
reters are  located  in  an  inaccessible  place,  and  it  was  a 
considerable  job  to  remove  the  nozzles  and  clean  them  put. 

It  will  be  noted  from  the  drawings  that  individual  air 
scoops  were  fitted  to  each  carbureter,  and  that  no  pro- 
vision was  made  for  carrying  these  intakes  outside  the 
bonnet.  Although  these  scoops  were  drained  overboard, 
the  drain  was  effective  only  with  the  plane  level  or  climb- 
ing, and  a  flooding  carbureter  on  the  glide  would  spill 
gasoline  over  the  engine.  If  backfire  occurred  after  this 
had  happened,  the  piano  might  be  set  on  fire.  As  soon 
as  the  engine!  were  received  overseas  where  they  had 
had  experience  with  fires,  various  modifications  were 
promptly  made  to  reduce  the  fire  hazard,  before  the 
planes  were  fiown,  and  we  were  requested  to  change  the 
design  as  quickly  as  possible,  to  overcome  this  trouble. 

While  making  a  change  to  reduce  the  fire  hazard,  we 
decided  to  alter  the  altitude  control  also  and  provide 
screens  at  the  carbureter  and  beyond  all  hose  connections. 
Figs.  9  and  10  show  the  revised  construction,  which  it 
was  intended  should  be  In  all  production  Jan.  1,  1919. 
The  change  in  the  altitude  adjustment  consisted  simply 
ii\  aame  rearrangement  of  the  passages,  and  the  con- 
struction, as  finally  worked  out,  was  so  simple  as  to  make 
it  possible  to  make  this  change  in  the  field.  To  provide 
for  a  screen,  a  small  aluminum  casting  /,  Fig.  9,  was 
provided,  and  arranged  so  that  it  would  screw  on  the  old 
carbureter.    This  casting  was  provided  with  a  nipple  to 
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receive  the  gasoline  hose  connection,  and  the  screen  was 
easily  removable  by  taking  off  the  nut  /. 

To  prevent  the  possibility  of  fire,  the  individual  air 
intakes  were  removed  from  the  carbureter,  as  well  as 


PlQ. 


9  —  LONQITUDINAL    BLKVATION    ShOWINQ    RsVIBED    CABBURITIR 

Abrangsmsnt 


their  retaining  springs,  and  a  single  long  intake  A  was 
provided  and  held  on  by  spring  bails  C  This  intake  was 
machined  at  its  center  to  receive  a  large  single  intake 
pipe  B  extending  up  through  the  center  of  the  engine 
and  out  through  the  bonnet.  The  top  end  of  this  pipe 
was  cut  off  at  an  angle  of  25  deg.  A  dowel  D  engaged 
a  slot  in  the  intake  pipe  B  and  prevented  it  from  turn- 
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Fia.  10 — Plan  View  of  Rjivisbd  Intakb-Hbader  Arranobmbnt 

ing.    A  clamp  band  E  and  E^  was  arranged  to  anchor  the 
intake  pipe  B  to  suitable  cap  screws  already  existing  in 
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the  intake  headers.  The  fragmentary  plan  view,  Fig. 
10,  shows  this  rearrangement  and  the  way  it  is  neces- 
sary to  bend  the  water  outlet  pipe  to  permit  the  installa- 
tion of  the  new  intake  pipe  B,  The  intake  header  A  is 
provided  with  nipples  G  at  each  end,  so  that  overflow 
pipes  can  be  attached  and  carried  outside  the  fuselage. 
It  is  obvious  that  this  provides  for  the  complete  drain- 
ing away  of  all  stray  gasoline,  whether  the  plane  is  climb- 
ing, diving  or  flying  level.  This  new  arrangement  of 
altitude  control,  carbureter  screen  and  intake  pipe,  has 
been  extensively  tested  out  in  the  air,  and  has  proved  to 
be  exceedingly  satisfactory. 

The  revised  altitude  control  was  worked  out  first  and 
went  into  production  in  the  early  summer  of  1918,  and  it 
is  my  understanding  that  all  engines  were  equipped  with 
this  improved  altitude  control  before  being  used  at  the 
front.  Vague  rumors  to  the  effect  that  the  Liberty  engine 
has  excessive  gasoline  consumption  have  been  pretty  gen- 
erally circulated,  and  this,  of  course,  if  true,  would  be 
serious.  It  is  obvious  that  all  other  things  being  equal, 
the  gasoline  consumption  of  the  engine  will  be  in  pro- 
portion to  the  horsepower  developed.  All  well-known  air- 
craft engines  at  the  present  time  have  about  the  same 
gasoline  consumption  per  horsepower-hour.  This  runs 
from  0.48  to  0.56  lb.  per  b.hp.-hr.,  depending  on  condi- 
tions. In  this  respect  the  Liberty  engine  is  no  better,  and 
no  worse,  than  other  well-known  designs. 

Running  wide  open  near  sea  level,  the  Liberty  engine 
will  develop  400  to  420  hp.  and  granting  that  it  develops 
the  average,  that  is,  410  hp.,  and  that  the  average  ser- 
vice conditions  maintain,  it  will  probably  have  a  gasoline 
consumption  of  0.52  lb.  per  b.hp.-hr.  Under  these  con- 
ditions it  would  burn  213.2  lb.,  or  approximately  35Vi 
gal.  per  hr.  The  same  engine  flying  wide-open  at  15,000 
ft.  would  be  developing  approximately  295  hp.  and  if  the 
altitude  adjustment  was  properly  used,  the  gasoline  con- 
sumption would  be  reduced  in  approximately  the  same 
ratio.  This  would  bring  the  consumption  down  to  153  lb., 
or  roughly  25  V2  gal.  per  hr.  As  a  matter  of  fact,  how- 
ever, the  general  practice  is  to  throttle  down,  except  for 
short  periods  of  time  when  it  is  desired  to  obtain  maxi- 
mum speed.  Where  a  plane  is  capable  of  making  120  miles 
per  hr.  at  15,000  ft.  altitude,  it  is  good  practice  to  throttle 
down  to  between  90  and  100  miles,  thus  enormously  re- 
ducing  the  horsepower   and   gasoline   consumption   per 
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hour,  without  seriously  affecting  the  distance  traveled. 
We  know  from  practice  that  with  a  Liberty  Twelve 
mounted  in  a  t)eHaviland  Four  or  Nine  plane,  we  can 
average  about  100  miles  per  hr.  in  cross-country  flying 
at  15,000  ft.  on  20  to  22  gal.  of  gasoline  per  hr.  Throt- 
tling down  still  more  will  further  reduce  the  gasoline 
consumption,  and  it  i^  possible  to  fly  a  DeHaviland 
Liberty-equipped  plane  at  about  75  miles  per  hr.  on  17 
gal.  of  gasoline  per  hr. 

Figs.  7  and  8  give  absolutely  accurate  data  as  to  gaso- 
line and  oil  consumption  of  Liberty  engines  running 
wide-open  at  1600  r.p.m.  near  sea  level. 

A  rather  radical  carbureter  design,  which  was  worked 
out  for  the  Liberty  Twelve,  while  only  used  experiment- 
ally, gave  some  very  promising  results.  Fig.  11  shows 
this  experimental  carbureter  and  intake-header  arrange- 


Pio.  11 — ^Longitudinal  Elevation  Showing  Expbrimbntal  Carbo- 

RBTER    AND    INTAKB-HBADER    ARRANGBMBNT 

ment,  and  Fig.  12  is  a  fragmentary  plan  view  showing  the 
same  arrangement.  Fig.  13  is  a  diagrammatic  sectional 
drawing,  showing  the  principal  parts  of  the  experimental 
carbureter.  It  will  be  noted  that  two  carbureters  are 
shown,  as  in  the  standard  Liberty,  but  they  are  what 
might  be  called  an  inverted  type.  Without  going  into  de- 
tail as  to  the  construction  of  this  carbureter,  it  will  be 
noted  that  the  double-venturi  arrangement,  which  has 
been  highly  developed  during  the  war,  makes  this  con- 
struction possible.  The  reason  for  this  is  clearly  shown  in 
Fig.  13.  It  will  be  noted  that  this  type  of  carbureter  can- 
not flood  into  the  engine,  as  would  be  the  case  in  the  or- 
dinary type  of  carbureter  turned  upside-down.  In  Fig. 
13,  D  is  the  needle-valve  float,  Y  the  drain  compartment 
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FiQ.  12 — Fraqmbntart  PukN  Viaw  Showing  Expbrimbntal  Cabbu- 
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connected  to  an  overflow  pipe,  K  the  altitude  valve,  F  the 
jet,  N  the  compensator  well,  M  the  compensator  feed  holes, 
/  the  compensator,  L  the  idling  mixture  passage,  0  the 
passage  to  the  secondary  choke,  and  P  the  secondary 
choke.  This  arrangement  is  very  desirable  for  airplane 
use,  as  it  provides  short  separate  intakes  from  each  car- 
bureter that  project  directly  out  through  the  bonnet  and 
make  fire  from  backfire  impossible.  Another  important 
advantage  of  this  arrangement  is  the  matter  of  accessi- 
bility, as  the  carbureters  are  right  up  on  top  of  the  en- 
gine where  all  connections  and  adjustments  can  easily  be 
got  at,  and  it  leaves  the  V  between  the  cylinders  abso- 
lutely clear  for  machine-gun  installation. 

It  is  obvious  that  this  type  of  carbureter  requires  a 
different  kind  of  intake  header,  and  as  designed  for  the 
experimental  job  there  were  rights  and  lefts,  as  shown  by 
A  and  B.  This  construction  made  it  necessary  to  change 
the  water  outlet  headers,  and  provide  a  separate  outlet 
manifold  R  for  each  line  of  cylinders.  On  account  of  the 
gas  impinging  against  the  bottom  of  the  header  in  this 
construction,  it  is  necessary  to  place  the  water-jackets  on 
the  bottom  of  the  intake  headers,  and  to  get  hot  water 
into  these  jackets,  a  connection  was  made  at  the  rear  end 
through  the  water  outlet  manifold  R  by  the  pipe  N  and 
hose  P-6.  The  jackets  were  connected  at  the  center  by 
the  nipples  M  and  hose  P-7.  At  the  front  end  the 
jackets  were  connected  to  the  water  manifold  £,  by 
the  nipple  M,  hose  P-1  and  pipe  0.  This  pipe  0  was  ar- 
ranged to  extend  inside  and  then  turn  forward  with  the 
flow  to  form  an  ejector  and  thereby  induce  some  of  the 
hot  water  to  flow  through  the  jackets.  This  construction 
worked  out  very  satisfactorily  and  the  intake  header 
seemed  to  keep  just  as  hot  as  in  the  standard  Liberty 
construction. 
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As  stated  above,  this  whole  inverted  carbureter  ar- 
rangement was  treated  as  a  purely  experimental  propo- 
sition, as  it  was  recognized  that  it  would  be  impossible  to 
put  it  into  production,  owing  to  the  fact  that  absolutely 
new  carbureters  would  require  new  tooling-up,  as  well  as 
many  other  small  parts.  I  believe,  however,  that  all  those 
who  have  tested  this  arrangement  believe  it  to  be  the  best 
possible  installation  for  the  Liberty  engine.  This  carbu- 
reter arrangement  has  every  advantage  of  all  such  ar- 
rangements that  I  know  of  combined,  with  one  exception ; 
it  does  not  provide  for  gravity  feed. 

Angle  Between  Cylinders 

The  Liberty  engine  has  been  criticised  on  account  of 
its  cylinders  having  been  set  at  an  included  angle  of  45 


Fia.    13 — Diagrammatic   Sbctional   Elevation   or   EjXpbrimbntal 
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deg.  All  experts  in  engine  design  know  that  a  six-cylinder 
engine  is  perfectly  balanced.  Two  six-cylinder  engines 
hooked  to  the  same  crankshaft  are  also  perfectly  bal- 
anced at  any  angle,  except  as  to  impulse  frequency.  Be- 
fore designing  the  Liberty  engine  I  had  experimented  ex- 
tensively with  various  angles  of  cylinders,  and  knew  that 
the  45-deg.  arrangement  would  not  be  objectionable,  so 
far  as  lack  of  smooth  running  was  concerned,  and  that  it 
had  distinct  advantage,  hot  only  in  that  it  reduced  heat 
resistance,  but  also  that  it  reduced  synchronous  vibration 
of  the  crankshaft,  due  to  the  breaking  up  of  the  evenly 
spaced  impulses. 

The  cover  over  the  oil-pump  in  the  Liberty  engine  is 
held  on  by  a  spring  bail  which,  while  readily  detachable, 
cannot  jar  loose  and  come  ofif.  This  is  a  well-known  me- 
chanical device  which  has  been  used  for  years  for  exactly 
similar  purposes.  This  little  device,  however,  has  been  the 
subject  of  widely  circulated  criticism,  and  I  do  not  know 
how  much  it  has  cost  the  Government  to  investigate  per- 
sistent criticisms  on  this  device  sent  in  by  irresponsible 
people. 

Weight  Per  Horsepower 

I  believe  it  is  pretty  generally  known  that  the  Lib- 
erty engine  weighs  approximately  2  lb.  per  hp.  By  using 
stiU  better  materials,  making  the  engine  considerably 
harder  to  manufacture  and  lowering  the  factor  of  siafety, 
which  is  pretty  high,  it  would  be  possible  to  bring  the 
weight  down  to  about  1.8  lb.  per  hp.  This  would  greatly 
increase  production  troubles,  would  require  more  skilled 
mechanics  to  keep  it  in  working  order,  and  would,  ttiere- 
fore,  in  my  opinion,  be  an  inacivisable  move. 

I  believe  that  one  of  the  outstanding  features  of  the 
Liberty  engine,  as  it  is  now  being  manufactured,  is  its  re- 
liability. I  have  flown  the  Liberty  engine  thousands  of 
miles  cross-country  and  have  yet  to  make  a  forced  land- 
ing. This  reliability  has,  of  course,  been  developed  by  ex- 
tensive experimental  work  in  the  air  and  close  attention 
to  details  of  manufacture  and  inspection. 

Reports  have  been  promiscuously  circulated  that  while 
the  Liberty  engine  has  proved  to  be  good  for  large 
bombing  machines,  it  cannot  be  used  in  a  small  fast  fight- 
ing or  chasse  machine.  It  was  never  intended  that  the 
Liberty  Twelve  should  be  put  in  a  small  single-seater 
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chasse  machine,  and  that  is  the  reason  the  Liberty  Eight 
was  developed.  It  was  our  original  plan  to  put  the  Lib- 
erty Eight  into  production  and  use  it  for  just  such  small 
machines,  but  when  our  program  was  finally  made  up, 
based  on  advice  from  abroad,  it  did  not  include  a  single- 
seated  chasse  machine,  and  for  that  reason,  the  eight-cyl- 
inder was  not  put  into  production  at  the  time.  Some  four 
or  five  months  ago  it  was  decided  that  we  should  develop 
a  single-seater  chasse  machine  in  this  country,  and  the 
Liberty  Eight  was  promptly  brought  out  and  ordered  into 
production.  Airplane  designers  generally  agreed  that  the 
Liberty  eight-cylinder  engine,  developing  300  hp.  and 
weighing  approximately  600  lb.,  will  make  a  very  satis- 
factory powerplant  for  a  plane  of  this  tjrpe. 

Air  Performance 

Owing  to  the  fact  that  the  performance  of  an  airplane 
must  be  measured  in  the  air,  it  is  rather  an  involved  mat- 
ter to  make  a  full-fiight  test  requiring,  as  it  does,  a  num- 
ber of  special  instruments,  a  well-qualified  pilot  and  prop- 
er technical  experts  to  make  the  necessary  corrections  for 
temperature,  air  density,  etc.,  after  the  readings  have 
been  secured.  When  we  first  started  making  full-flight 
tests  in  this  country,  we  did  not  have  the  proper  equip- 
ment, and  a  number  of  tests  were  made  and  reported, 
which  were  not  on  a  comparative  basis  with  similar  tests 
of  allied  planes  made  in  Europe.  Quite  naturally  thi3  has 
led  to  a  misunderstanding,  and  it  has  been  claimed  that 
the  DeHaviland-Four  plane  equipped  with  the  Liberty  en- 
gine, is  not  as  good  as  allied  planes  equipped  with  engines 
of  much  lesa  horsepower. 

To  throw  some  light  on  this  subject,  I  am  giving  below 
a  few  comparative  figures  covering  foreign  planes.  They 
give  average  performance  of  three  well-known  planes, 
namely,  the  French  Sahnsom  270  hp.,  English  DH-4,  using 
the  Siddeley  240-hp.  engine,  and  the  Italian  Pomilio  E, 
using  the  Fiat  240  hp.  The  USDH-4  is,  of  course, 
equipped  with  the  Liberty  Twelve.  The  figures  on  allied 
planes  were  secured  from  ofiicial  technical  reports  from 
abroad  and  figures  on  the  USDH-4  were  taken  from  tests 
made  by  the  Technical  Section  of  the  Department  of 
Military  Aeronautics  and  the  Engineering  Division  of 
the  Bureau  of  Aircraft  Production. 
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OBSERVATION   PLANE 

Average  Foreign     DH-4 

Power,  hp 266.6  400 

Speed  at  sea  level,  m.p.h 116.8  128 

Climb  to  10,000  ft 9%  min.  7%  min. 

Ceiling,  ft. 20,267        21,000 

Endurance   (cruising)    8^  hr.  4^  hr. 

DAY  BOMBER 

Power,  hp 266.6  .  400 

Speed  at  sea  level,  m.p.h 110.5  118 

Climb  to  10,000  ft 11  %  min.  11     min. 

Ceiling,  ft 16,000  17,500 

Endurance  (cruising)  3^  hr.  4      hr. 

Bomb  load - 423  lb.  228  lb. 

RADIUS  OF  ACTION,  MILES 

British   DH-9 266 

British  DH^ 244 

Breguet m 

USDH^ 310 

In  the  above  comparison  it  will  be  noted  that  the 
USpH-4  equipped  with  the  Liberty  Tvsrelve  shows  up  well 
in  all  cases,  except  that  of  the  load  of  bombs  carried  on  a 
day  bomber.  This  machine  was  originally  designed  for  a 
240-hp.  engine  and  when  equipped  v^ith  a  slightly  heavier 
400-hp.  Liberty,  plus  the  necessary  gasoline  for  a  larger 
engine,  its  carrying  capacity  is  naturally  cut  down.  It 
was  to  take  care  of  this  work  that  the  USD-9-A  was  being 
put  into  production  just  as  the  armistice  was  signied. 
This  machine  has  500  sq.  ft.  of  surface  and  carries  500  lb. 
of  bombs  with  practically  the  same  performance  as  the 
USDH-4.  In  addition  to  the  USD-9-A,  the  following 
planes  were  being  put  into  production  at  the  time  the 
armistice  was  signed: 

VE-7  advanced  training  machine,  equipped  with  150 
hp.  Hispano-Suiza 

Le  Pere  two-seater  fighting  machine,  equipped  with  the 
Liberty  Twelve 

Glenn  Martin  day  or  night  bombing  machine,  equipped 
with  two  Liberty  Twelves 

U.  S.  Bristol  fighting  machine,  equipped  with  the  Lib- 
erty Eight 

Many  other  new  types  of  planes  were  in  the  experi- 
mental state,  including  several  designs  of  single-seater 
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fighting  machines  around  the  800-hp.  Hispano  and  Lib- 
erty-Eight. 

THE    DISCUSSION 

F.  H.  Trego  : — The  production  of  our  plant  was  finally 
transferred  to  the  Ordnance  Department.  Engines  to 
be  used  in  the  large  tanks  called  for  in  the  Allied  tank 
program  required  some  few  changes  in  the  design,  such 
as  the  incorporation  of  a  flywheel  and  the  welding  in  of  a 
tie  between  the  intake  and  exhaust  elbows  to  prevent 
the  cracking  of  the  jacket  at  the  top,  and  this  we  do  in 
regular  production.  In  connection  with  the  testing  of 
the  engines  for  tank  service,  the  United  States  Ordnance 
Department  endeavored  to  comply  with  the  testing  speci- 
fications as  suggested  by  the  British  Tank  Service,  and 
one  of  these  tests  called  for  four  runs  of  60  hr.  each  with 
wide-open  throttle,  on  djmamometer,  at  1400  r.p*m.,  all 
parts  of  the  engine  being  carefully  measured  before  and 
after  each  test.  Outside  of  the  cracking  of  the  jackets^ 
which  was  later  corrected  by  the  wdding  in  of  a  tie,  we 
found  a  tendency  of  the  babbitt  to  break  away  from  the 
bronze  backing  in  the  connecting-rod  bearings  in  a  spot 
about  as  large  as  a  ten-cent  piece,  directly  opposite 
the  oil-hole  in  the  crankshaft  at  the  instant  of  the  ex- 
plosion of  the  cylinder  carrying  the  plain-end  rod.  The 
hole  in  the  crai^bi^ft  at  this  point  has  a  depression  en 
each  side  of  it,  leaving  the  babbitt  unsupported  for  a  con- 
siderable area  and  owing  to  the  fact  that  the  plain-rad 
rod  which  runs  on  the  back  of  the  bronze  bushing  hat 
0.006  to  0.0066-in.  clearance  we  decided  that  a  rapping 
action  was  set  up  by  this  rod  on  the  outside  of  the  bronie 
and  that  this  continual  rapping  directly  behind  the  un* 
supported  portion  of  the  babbitt  had  a  tendency  to  break 
it  away  from  the  bronze.  To  eliminate  this  difficulty  we 
had  a  shaft  made  up  with  an  oil-hole  drilled  at  a  point 
80  deg.  in  advance  of  the  top  dead  center  when  the  plain- 
end  rod  piston  is  at  the  outer  end  of  its  stroke.  Thus  a 
flow  of  oil  on  the  center  line  portion  of  the  bearing  was 
assured  before  the  explosion  took  place.  This  also  pro- 
vided complete  support  for  the  babbitt  under  the  plain- 
end  rod  at  the  instant  of  the  explosion.  Tests  of  this  shaft 
seemed  to  prove  our  theory,  and  we  now  consider  it  good 
practice,  even  with  the  single  rod,  as  it  assures  an  unin- 
terrupted bearing  surface  under  the  rod  at  the  instant 
of  explosion.   We  also  omitted  the  depressions  on  each 
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Diagram  Showing  the  Overlapping  op  Power  Impulses  and 
Irregularity  op  Firing  in  the  Twelve-Cylinder  Liberty  Engine 

side  of  the  drilled  hole  and  simply  broke  the  sharp  edge 
of  the  hole.  After  a  test  of  46  hr.  under  full  load  at  1400 
r.p.m.  the  bearings  were  found  to  be  in  excellent  condi- 
tion. 

T.  S.  Kemble: — The  Liberty  aircraft  engine  stands  as 
a  monument  to  the  daring,  courage  and  cooperation  of 
the  engineers,  manufacturers  and  all  who  had  a  part  in 
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Di/GRAM    Showing    the    OvbrlXpfing    op    T'ower    Impulses    and 
Irregularity  of   Firing   in   the   Eight-Cylinder   Liberty   Engine 
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the  program.  The  first  engines  were  completed  in  phe- 
nomenally short  time.  Production,  already  gratifying, 
was  growing  rapidly  when  the  armistice  was  signed. 
Delays  caused  by  necessary  alterations  in  design  occa- 
sioned no  surprise  to  those  in  private  enterprise  who 
were  already  familiar  with  the  difficulties  involved. 

With  the  war  apparently  ended,  the  necessity  for  tre- 
mendous production  in  aeronautics  has  ceased,  Govern- 
ment orders  have  been  cancelled  wholesale  and  the  entire 
industry  pauses  to  catch  its  breath,  consolidate  its  or- 
'ganizations  and  alter  its  course  to  meet  the  new  condi- 
tions. Only  short-sighted  blundering  on  the  part  of  the 
industry  and  of  the  Government  could  cloud  even  the  im- 
mediate future  under  these  new  conditions,  for  the  prob- 
lem of  adapting  recent  progress  to  commercial  purposes 
is  remarkably  simple,  and  we  have  enough  men  of  clear 
vision  to  make  the  application  rapid.  The  present 
knowledge  of  the  art,  together  with  the  foresight  and 
courage  of  engineers  and  business  men,  assures  immedi- 
ate prosecution  of  commercial  development,  which,  begin- 
ning somewhat  slowly,  will  gather  momentum  rapidly. 

Many  of  us  believe  that  our  military  authorities  now 
realize  thoroughly  how  exceedingly  temporary  is  the 
standardization  of  aeronautic  engines  and  planes  and 
that  they  will  give  substantial  encouragement  to  devel- 
opment by  private  enterprise  of  those  vast  improvements 
over  all  their  present  types  which  are  necessary  to  keep 
abreast  of  the  times.  Even  before  the  armistice,  pri- 
vately developed  planes  had  shown  performance  far  in 
advance  of  those  possessed  by  any  of  the  Allied  forces, 
and  these  are  only  a  foretaste  of  what  is  to  come. 

Let  us  as  Americans  and  engineers  give  serious  con- 
sideration to  the  fact  that,  if  another  unfortunate  war 
should  arise,  the  initial  and  perhaps  the  final  advantage 
in  that  conflict  will  lie  with  the  nation  which  has  at- 
tained the  highest  development  in  aeronautics.  Our 
country,'  with  its  broad  areas  and  its  vast  industrial  de- 
velopment, can  obtain  the  lead  more  easily  than  any  other. 

H.  E.  Morton  : — It  is  nearly  always  true  that  the  user 
must  decide  the  requirements,  and,  as  the  Government  is 
the  customer,  so  far  as  military  aircraft  equipment  is 
concerned,  I  maintain  that  the  only  reason  we  were  un- 
prepared or  behind  the  world  in  airplane  engine  design, 
was  the  fact  that  we  were  working  to  specifications  which 
were  suited  possibly  for  commercial  aircraft,  but  Hot  for 
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military  machinery.  The  Packard  engine,  together  with 
practically  all  the  other  American  engines  available  in 
early  1917,  were  in  what  is  now  the  heavier  class. 
Of  course,  the  Technical  Section  of  the  Department  of 
Military  Aeronautics  now  has  complete  data  on  mili- 
tary aircraft  requirements.  If  this  section  will  keep 
such  data  up  to  the  minute  and  in  such  shape  that  they 
can  be  studied  at  any  time  by  accredited  engineers  in  the 
industry,  I  know  the  engineers  will  gladly  cooperate. 

The  phenomenal  development  of  the  Liberty  engine  was 
made  possible  only  through  the  possession  by  its  de- 
signers of  the  latest  information  on  requirements.  Simi- 
larly when,  at  a  meeting  in  Washington  of  the  Manufac- 
turers' Aircraft  Association  with  the  United  States  and 
foreign  representatives,  it  was  stated  the  engines  must 
not  weigh  over  2l^  lb.  per  hp.,  and  tests  would  be  modi- 
fied accordingly,  work  was  immediately  started  on  such 
engines.  This  meeting  took  place  in  May,  1917,  and  in 
just  10  weeks  the  Sturtevant  210-hp.  engine,  weighing 
500  lb.,  or  2.38  lb.  per  hp.,  was  flying  daily.  This  is 
merely  cited  as  another  illustration  of  what  can  be  done 
when  the  requirements  and  limitations  are  known. 

Although  there  are  double  breakers,  coils  and  distrib- 
utors, is  the  ignition  a  double  system  since  it  depends  on 
one  generator  for  energy,  while  running,  and  one  bat- 
tery when  starting?  It  would  seem  as  though  this  was 
putting  a  great  deal  of  responsibility  on  the  storage  bat- 
tery in  case  of  a  stalled  engine  away  from  a  supply  base. 

Charles  B.  King: — This  country  was  building  two 
types  of  aircraft  engines  which  were  used  at  the  front 
prior  to  the  development  of  the  Liberty  engine.  These 
engines  were  the  Gnome  and  the  Hispano-Suiza.  The 
French  Section  Technique  Report  No.  98,  November, 
1917,  was  issued  about  6  months  after  the  start  was  made 
on  the  Liberty  engine  and  gives  the  weight  of  the  Lor- 
raine-Dietrich engine  bare  as  606  lb.,  an  increase  of  78 
lb.  over  the  figures  given  CoL  Vincent;  also  the  weight  of 
the  engine  complete  with  radiator  and  water  was  given 
as  769  lb.,  or  an  increase  of  98  lb.  This  increase  may 
have  been  due  to  later  structural  changes.  T^is  engine 
was  of  the  eight-cylinder  type  with  cylinders  set  at  90 
deg.  A  few  of  these  engines  were  built  and  put  into 
service  late  in  1917. 

A  few  days  after  the  design  woiic  had  started  at  Wash- 
ington, at  a  late  supper  at  the  New  Willard  Hotel,  I  sug- 
gested to  those  present  that  the  name  Liberty  engine  be 
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adopted.  This  suggestion  was  very  v^ell  received  and  the 
next  day  I  passed  the  title  along,  and  in  each  instance  it 
was  endorsed  and  seemed  to  be  adopted  almost  at  once. 
It  is  quite  possible  that  Admiral  Taylor  may  have  made 
the  title  official  at  one  of  the  Aircraft  Board  meetings. 
Col.  Vincent  at  this  time  was  in  the  employ  of  the  Pack- 
ard company  and  later  came  to  me  saying  tiiat  he  did  not 
want  to  do  anjrthing  about  the  name  until  he  had  taken 
it  up  with  his  directors. 

I  agree  with  Col.  Vincent  that  anything  under  2  lb.  per 
hp.  is  not  desirable,  my  firm  belief  being  that  something 
over  that  figure  stands  for  less  vibration  and  longer  life. 
It  takes  a  certain  mass  to  absorb  the  explosive  effect,  and 
the  commercial  engine  of  tomorrow  will  be  of  consider- 
ably more  weight  per  horsepower. 

The  Liberty  Eight  will  be  a  less  successful  engine  than 
the  Twelve,  owing  to  the  45-deg.  angle  between  cylinders. 
The  lapping  of  power  impulses  and  the  irregularity  of 
firing  are  apparent  from  a  study  of  the  accompanying 
diagram,  the  firing  order  being  45-135-45-135.  The  vi- 
bration of  this  engilie  in  a  plane  will  be  quite  marked. 
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MAKING  THE  AIRPLANE  A  UTILITY 

By  Grover  C  Loening^ 

THE  author's  views  on  the  future  of  the  airplane  in 
peace  are  outlined.  A  brief  history  of  airplane 
achievements  and  the  great  advance  in  airplane  con- 
struction is  given;  what  is  required  for  commercial  suc- 
cess is  then  discussed. 

Owing  to  the  great  expense  incident  to  its  use,  the 
airplane  must  offer  very  decided  advantages  that  can- 
not otherwise  be  obtained,  and  its  dangers  and  uncer- 
tainties must  be  overwhelmingly  outweighed.  In  the 
appraisal  of  the  real  value  and  possibilities,  its  use  as 
a  popular  means  of  diversion  is  eliminated.  Speed  is 
the  only  advantage  the  airplane  has  over  the  automobile, 
railroad  and  steamboat.  At  present,  owing  to  the  limited 
number  of  airdromes  and  the  fact  that  these  are  some- 
what isolated,  the  time  between  cities  by  airplane  is 
hardly  less  than  by  train.  With  an  airplane  speed  of  70 
m.p.h.,  even  under  ideal  atmospheric  conditions  prac- 
tically no  time  would  be  gained  in  traveling  by  air  from 
New  York  to  Washington;  but  at  170  m.  p.  h.,  only 
about  one-half  the  train  time,  with  practically  no 
greater  risk  and  less  fatigue,  is  required. 

How  speed  can  be  attained  is  then  considered.  The 
history  of  speed  in  airplanes  has  been  a  see-saw  be- 
tween improvements  in  the  plane  structure  and  in  the 
engine,  experience  showing  that  for  an  improved  engine 
a  suitable  plane  structure  can  readily  be  designed.  A 
proper  engine,  therefore,  is  what  is  principally  needed 
to  make  the  airplane  a  peace-time  commercial  success. 

With  considerable  technical  detail  the  required  im- 
provements in  engines  such  as  greater  power,  less 
weight  and  better  adaptability  to  the  airplane  to  pre- 
sent the  least  air  resistance  are  outlined.  Such  im- 
provements, deemed  entirely  feasible,  with  the  addition 
of  a  closed  passenger  car  offering  added  protection 
against  air-travel  discomforts,  will  result  in  attaining 
the  maximum  value  of  the  airplane  in  peace. 

The  pages  of  glorious  history  of  the  military  airplane 
have  practically  been  written,  and  contain  not  only  re- 
ports of  the  countless  wonderful  exploits  of  heroism  and 
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super  sangfroid  of  the  airmen,  but  also  more  prosaic 
accounts  of  quantities  of  airplanes  and  engines  deliv- 
ered, of  millions  of  hours  of  flying,  and  here  and  there 
of  instances  of  cleverness  and  ingenuity  in  engineering 
that  gave  the  airmen  high-performance  steeds  of  incal- 
culable advantage. 

We^  turn  over  a  new  leaf  now  to  the  peace  airplane, 
and  are  all  seeking  on  blank  pages  the  answer  to  what  it 
will  be,  because  the  commercial  peace-time  airplane  has 
not  yet  been  under  serious  and  continued  development. 
It  is  a  fact,  generally  apparent,  that  the  most  bril- 
liant minds  'in  aviation,  both  here  and  in  Europe,  for 
over  10  yr.  have  been  giving  to  their  developments  in 
airplane  engineering  a  wholly  military  consideration,  and 
whether  consciously  or  not,  have  educated  themselves 
and  their  industry  so  definitely  along  these  lines  that 
the  dawn  of  a  new  era  requiring  special  development  of 
its  own  is  practically  at  hand. 

No  Retrogression  to  Pre- War  Status 

Aeronautics  will  not  revert  to  the  status  it  had  prior 
to  the  great  war.  No  change  in  governments  is  apt  to  be 
more  radical  than  the  revolution  in  the  attitude  of  the 
public  and  of  business  interests  toward  air  travel  that 
can  be  brought  about  by  intelligent  effort. 

A  great  knowledge  has  been  acquired  on  the  scientific 
and  practical  aspects  of  airplane  design  and  construction 
— ^an  available  mass  of  data  forced  into  being  by  the 
pressure  of  war — ^and  by  virtue  of  the  necessity  of 
cooperation  and  of  general  dissemination  for  war  pur- 
poses, these  technical  data  are  more  generally  available, 
and  better,  more  elaborately,  recorded  by  Government  de- 
partments than  could  possibly  have  been  done  by  scattered 
individual  efforts.  In  this  the  war  has  been  an  asset. 
Not  only  are  there  technical  data ;  much  has  been  learned 
and  recorded  on  the  cost  of  upkeep  of  airplanes,  the  hours 
of  flying  a  machine  can  be  expected  to  give  and  the  per- 
centage of  good  flying  weather  in  various  localities.  More 
than  that,  thousands  of  men  have  flown,  have  realized  ther 
limitations  of  flying,  and  have  passed  out  of  the  stage  of 
glamour  and  misguided  ''enthusiasm"  to  a  more  hard- 
headed  and  far  more  valuable  understanding  of  aviation 
as  it  is — not  as  they  would  have  dreamed  it  ought  to  be. 
.  It  is  a  peculiar  fact,  as  evidenced  by  false  starts  made 
year  after  year,  that  the  aeronautical  industry  prior  to 
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the  war  sufifered  greatly  from  the  setting  tip  of  impossible 
rainbows  to  be  chased  after;  resulting  merely  in  re- 
peated demonstrations  that  the  aircraft  business  was 
**flighty,"  uncertain,  and  decidedly  unstable.  The  war, 
with  its  censorship,  has  greatly  limited  this,  but  above 
all  has  reduced  the  size  of  the  over-credulous  public,  at 
least  by  the  200,000  or  300,000  persons  who  directly  or 
indirectly  have  cut  their  eye-teeth  on  the  airplane  busi- 
ness. 

The  commercial  possibilities  of  flying,  and  means,  defi- 
nite and  well-planned,  to  develop  them,  can  be  translated 
today  into  a  sound,  level-headed  business,  because  we 
have  very  definite  knowledge,  worth  untold  millions  of 
dollars,  upon  which  to  base  a  mature,  well-founded  judg- 
ment. To  be  successful  commercially,  the  airplane  must 
be  made  to  offer  very  definite  advantages  that  cannot  be 
obtained  by  other  means.  Its  peace-time  raison  d'etre 
has  to  be  based  on  qualities  and  performances  so  strik- 
ing that  any  obvious  disadvantages  of  high  expense, 
danger  and  uncertainty  will  be  overwhelmingly  out- 
weighed. To  ignore  the  disadvantages  and  the  serious 
limitations  that  we  know  exist  is  merely  an  invitation 
to  lose  the  confidence  of  the  public,  when,  sooner  or  later, 
these  features  become  evident.  In  other  words,  it  is  far 
better  to  complete  a  100-mile  flight  with  a  200-mile  radius 
airplane  than  to  have  it  fail  in  a  800-mile  attempt. 

Let  us,  therefore,  give  consideration,  brutally  frank, 
if  necessary,  to  the  real  value  and  possibilities  of  air- 
craft. To  begin  with,  is  it  really  a  pleasure  to  fly? 
There  are  many  varying  opinions,  but  there  is  general 
agreement  on  these  points :  The  noise  of  the  engine  and 
propeller  are  decidedly  disagreeable;  the  general  nature 
of  flying,  even  as  a  passenger,  uses  up  nervous  energy, 
making  long  trips  tedious  and  uncomfortable,  and  there 
is  a  disappointing  absence  in  flying  of  the  sense  of  buoy- 
ant exhilaration  which  almost  every  one  looks  for  on  his 
first  trip.  Airplanes  are  very  material,  their  vibrations 
are  very  evident,  their  grip  on  the  air  almost  ferocious, 
and  frequently  oil,  exhaust,  and  the  cold  rush  of  air  add 
to  a  feeling  of  utter  subordination  to  a  mechanical  power. 
No  one  likes  the  bundling  up  and  goggling  up  ordinarily 
required  for  flying;  neither  is  it  agreeable  not  to  be  able 
to  communicate  freely  with  one's  passengers  without 
the  aid  of  telephones.  On  the  other  hand,  we  have  the 
pleasure  of  the  marvelous  views  to  be  had  from 
aloft  on  a  clear  day,  the  feeling  of  mastery  that  the  pilot 
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has  over  the  craft  he  can  so  easily  direct  in  three  dimen- 
sions, and  not  only  the  delightful  technical  interest  that 
many  take  in  flying,  but  the  pleasure  that  a  few  very 
expert  pilots  find  in  stunting  an  airplane — not  unlike 
cutting  fancy  figures  in  skating. 

Many  of  the  disagreeable  features  of  flying  will  be 
overcome  by  better  protection  from  wind,  noise  and  oil, 
and  by  closed-in  bodies,  and  careful  provisions  along  this 
line  will  flnd  their  way  into  all  new  types  of  airplanes. 
-But  the  fact  remains  that  while  mere  flying  around  a  field 
is  a  pleasure  to  some,  it  is  by  no  means  proved  that  it  is 
sufficiently  so  to  become  a  universal  sport.  Some- 
thing more  is  needed,  some  feature  of  utility  that  will 
make  the  physical  aspect  of  flying  secondary.  The  New 
York  subway  is  admittedly  a  disagreeable  place.  The 
air  is  bad,  the  crowded  cars  uncomfortable,  the  noise  deaf- 
ening ;  and  yet  how  many  millions  of  people  use  the  sub- 
way, many  abandoning  their  motor  cars,  because  of  its 
great  utility,  speed  and  time  saving? 

Has  not  the  tremendous  development  of  the  automobile 
been  due  rather  to  its  utility  than  to  the  mere  pleasure 
derived  from  riding  about  in  it?  When  the  automobile 
became  a  time  saver  and  an  exclusive  conveyance,  abso- 
lutely under  the  command  of  its  owner,  with  no  schedule 
but  his  will,  its  utility  and  convenience  far  outweighed 
mere  pleasure  driving,  as  is  evidenced,  for  example,  by 
the  increasing  popularity  of  the  closed  cars,  where  the 
open-air  pleasure  element  is  entirely  subordinated  to  the 
convenience  of  the  vehicle  for  transportation  alone. 

Airplane  and  Automobile  Not  Competitors 

The  airplane  cannot  hope,  for  the  present,  to  cope  with 
the  automobile  for  short  haul,  with  the  motor  car's  abil- 
ity to  make  of  every  curbstone  a  landing  field;  but  the 
automobile  as  a  conveyance  ceases  to  show  its"  great 
advantages  over  distances  greater  than  50  or  60  miles. 
It  is  here  that  the  airplane  can  come  in  and  begin  to  offer 
a  feature  of  real  utility — a  conveyance,  exclusive  and 
capable  of  a  longer  distance  radius.  But  as  soon  as  it 
does  so  it  obviously  competes  with  the  railroad  train  and 
the  boat. 

The  automobile  has  already  very  seriously  cut  into  the 
suburban  trolley  business,  as  is  evidenced  by  numerous 
reports  on  the  subject  recently  issued.  How  can  aircraft 
as  a  means  of  transportation  seriously  cut  into  railroad 
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traffic,  despite  its  higher  expense?  It  can  obviously  offer 
higher  speed  in  miles  per  hour,  but  how  much  higher 
must  this  be  to  overcome  ordinary  winds,  and  to  offer 
less  actual*  time  in  travel,  not  in  miles  per  hour,  but 
from  office  door  to  office  door? 

We  are  at  once  faced  with  this  curious  situation — ^that 
the  speed  requirement  for  successful  commercial  avia- 
tion is  more  important  today  than  it  will  be  several  years 
from  now!  This  is  because  airdromes  are  less  frequent 
and  more  remote  from  cities,  and  the  office-door  time 
interval  must  include  a  motor-car  ride  to  the  airdrome, 
and  this  is  likely  to  be  far  longer  than  the  taxicab  ride  to 
the  station. 

Speed  is  needed  at  the  very  outset  to  give  to  aircraft 
travel  the  element  of  real  sound  utility,  offering  so 
much  of  advantage  that  people  will  ride  in  airplanes,  not 
because  of  the  sensation,  or  the  stunt  of  flying,  but  be- 
cause, despite  the  danger,  the  uncertainty  or  the  expense 
of  flying,  it  is  overwhelmingly  the  fastest  and  most  di- 
rect way.  When  we  get  to  this  point  a  commercial  era 
as  big  as  railroading  begins  to  rise  out  of  the  fog. 

The  significance  of  higher  speed  is  readily  shovm.  A 
70  mile  per  hr.  airplane,  with  no  allowance  for  head 
winds,  would  take  about  8%  hr.  to  go  from  Belmont  Park 
to  Anacostia  Field,  near  Washington.  From  the  office 
door  in  New  York  to  Belmont  Park  would  take  about  50 
min.,  and  from  Anacostia  to  the  Washington  office 
door  about  30  min.,  making  a  total  of  4  hr.  and  50  min. 
under  perfect  conditions  and  connections,  a  total  cer- 
tainly not  enough  less  than  the  train  time  to  give  any 
justification  for  the  added  expense  and  bother.  But  the 
170  mile  per  hr.  airplane  would  go  from  Belmont  Park 
to  Anacostia  in  1^  hr.,  a  shorter  and  therefore  a  less 
wearing  trip,  and  with  the  same  connecting  trips  to 
offices  would  give  a  total  of  2  hr.  and  85  min.  from  office 
door  to  office  door — less  than  half  the  train  time.  A  busi- 
ness man  could  leave  his  house  at  8  a.  m.,  arrive  in 
Washington  at  10.85,  leave  Washington  at  2  p.  m.,  and 
arrive  at  his  office  at  4.85.  Now,  as  will  happen,  let  us 
consider  a  20-mile  head  wind.  The  70  mile  per  hr.  ma- 
chine will  take  about  4%  hr.  for  its  flight,  making  a  total 
of  almost  6  hr.,  longer  than  the  train;  while  the  170 
mile  per  hr.  airplane  will  make  its  flight  at  150  miles 
per  hr.  in  1  hr.  and  28  min.,  giving  a  total  of  2  hr.  and  48 
min.  Obviously,  therefore,  the  fast  machine  is  less  de- 
pendent on  the  weather.    In  addition,  it  is  less  wearing  on 
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the  engine,  due  to  the  shorter  duration  of  its  run. 

The  element  of  safety,  compared  with  the  ti*ain,  is  ques- 
tionable and  yet  to  be  proved.  There  are  many  train 
,  accidents.  The  unreliability  due  to  weather  is  caused 
principally  by  fog,  since  an  airplane  is  not  stopped  by 
rain,  particularly  with  a  closed  body.  Enough  must  be 
offered  to  overcome  objections. 

Our  needed  utility,  then,  is  cleatly  speed.  Whether 
large  or  small  machines  are  used  is  really  subordinate. 
They  must  he  fast  machines. 

Practicability  of  High  Speeds 

How  practicable  is  higher  speed  in  airplanes?  A  three- 
seated  monoplane  recently  in  test  at  Dajrton,  made  150 
miles  per  hr.  A  European  scout  is  reported  to  have 
made  160  miles  per  hr.  The  standard  DeHaviland  makes 
about  120  miles  per  hr. 

Increase  in  speed  of  airplanes  is  limited  by 

(1)  Landing  field  conditions  requiring  a  certain  min- 
imum speed  for  safe  landing.  In  general,  today, 
an  airplane  for  practical  purposes  must  be  able  to 
slow  down  to  at  least  55  m.p.h. 

(2)  The  speed-range  value  of  wing  sections,  sufficient 

area  having  been  provided  for  the  necessary  slow 
speed,  with  available  range  up  to  maximum  high 
speed.  This  depends  much  on  the  wing  section 
used.  Wing  sections  are  now  available  that  per- 
mit of  a  speed  range  of  as  much  as  48  to  160  m.p.h. 
Formerly  a  speed  range  of  50  to  75  m.p.h.  was  con- 
sidered excellent 

(3)  The  arrangement  of  wings  to  give  the  minimum  of 
interference  for  high  lift  at  slow  speeds  and  yet 
also  the  minimum  of  area,  entering  edge  resist- 
ance and  skin  friction  for  high  speed.  Recent  de- 
velopments have  proved  the  ideal  value  for  this  of 
the  monoplane  type,  since  every  square  foot  of  its 
surface  is  working  at  the  highest  possible  efficiency, 
requiring  for  the  same  load,  a  smaller  wing  of  less 
resistance  and  less  weight 

(4)  The  power  of  the  engine  for  the  same  size  of 
engine  and  of  airplane  body;  obviously  the  more 
power,  the  more  speed 

(5)  The  efficiency  of  the  propeller,  an  increase  in  which 
merely  means  more  actual  power  for  the  same 
weight 

(6)  The  structural  resistance  of  the  airplane,  the  air 
resistance  of  struts,  wires,  landing  gear,  radiator. 
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etc.,  all  of  "which  are  a  great  liability  and  merely 
use  up  power 

The  history  of  the  increase  in  speed  of  airplanes  from 
the  early  Wright  biplane  and  Bleriot  monoplane,  that 
made  from  35  to  40  miles  per  hr.,  to  the  present  150 
miles  per  hr.  machines,  is  merely  the  recital  of  alternative 
steps  in  the  improvement  of  the  above  mentioned  features. 
Using  the  same  engines,  airplanes  v^ere  made  faster  by 
cleaner  design,  less  head  resistance,  better  v^ing  sections. 
The  Nieuport  monoplane,  vi^hich  v^as  distinctly  an  epoch- 
making  design,  had  almost  double  the  speed  of  the  old 
Bleriots  v^rith  the  same  engines.  Then  follow  the  in- 
stances where  new  engines  of  higher  power  appear,  in- 
creasing the  speed  of  the  old  airplane,  followed  by  a 
further  increase  in  speed  by  designing  new  airplanes 
for  those  higher  powered  engines,  and  so  on,  in  an  end- 
less seesaw  of  improvement,  first  on  the  plane,  then  on 
the  engine. 

One  thing  is  becoming  very  obvious:  With  the  air- 
plane designing  knowledge  available,  the  really  funda- 
mental and  governing  limitation  is  found  ^n  the  engine 
available.  The  advent  of  a  new  engine  is  quickly  fol- 
lowed, now,  by  suitable  planes  to  make  use  of  it,  and 
the  shorter  time  for  development  required  for  the  plane 
is  evidence  of  how  much  the  advance  in  aviation  is  be- 
coming essentially  a  problem  in  engines,  the  plane  end 
requiring  merely  a  clever  and  simple  application  of  what 
we  already  know.  In  this  it  is  becoming  increasingly 
evident  that  the  aeronautical  engineer  is  far  ahead  of 
the  engines  he  has  available;  so  much  so  that  a  trend 
of  endeavor  on  his  part  to  include  in  his  work  the  de- 
signing of  the  engine  he  needs,  is  almost  certain  to  fol- 
low. 

The  problem  of  increasing  speed  divides  itself  for 
consideration  into  two  parts:  (a)  How  can  we  increase 
speed  with  the  present  available  engines?  (6)  What 
new  developments  in  engines  are  needed  to  give  better 
performance? 

The  total  head  resistance  of  an  airplane  can  be  divided 
into:  (a)  Drag  resistance  of  the  planes,  a  fraction  of 
the  lift,  (6)  resistance  of  the  struts  and  wires  sup- 
porting the  wings,  (c)  resistance  of  the  landing  gear, 
and  (d)  resistance  of  the  body  or  fuselage,  governed 
largely  by  the  shape  of  the  engine,  the  size  of  the  radi- 
ator, etc. 
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The  last  item,  the  body  resistance,  on  the  usual  tractor 
types  is  very  great;  in  fact,  on  a  fast  machine  it  is  the 
preponderant  resistance,  due  not  only  to  the  bulk  of  the 
body,  but  to  the  fact  that  it  is  placed  in  the  slipstream 
of  the  propeller,  in  an  air  velocity  25  per  cent  greater 
than  the  speed  of  the  airplane  itself.  We  may  look, 
therefore,  to  a  refinement  in  the  contour  of  the  body, 
and  particularly  in  a  closing  up  of  the  various  cowling 
gaps  around  seats,  to  reduce  body  resistance.  In  con- 
sidering this  it  becomes  very  apparent  that  the  Gallaudet 
system  of  propeller  drive  around  the  body  at  the  rear, 
without  the  awkward  structure  of  the  ordinary  "pusher" 
type,  has  a  very  real  engineering  advantage. 

The  structural  resistance  of  the  landing  gear  is  obvi- 
ously subject  to  complete  elimination  by  a  mechanical 
method  of  folding  it  into  the  bpdy,  as  has  been  proposed 
by  various  engineers  here  and  abroad  for  several  years. 
Struts,  and,  above  all,  wires  and  cables,  are  being  elimi- 
nated very  rapidly  in  different  modifications  that  have 
been  developed.  Gradually,  in  reducing  the  amount  of 
bracing,  we  are  approaching  the  interior  braced  wings, 
which  have  attracted  many  designers.  A  wing  structure 
with  somewhat  thicker  wing  sections,  requiring  no  out- 
side bracing,  and  completely  eliminating  the  structural 
resistance  of  bracing  struts  and  wires,  has  already  been 
built  successfully  in  this  country  by  several  people,  in- 
cluding myself,  and  it  is  found  that  the  weight  is  not 
excessive;  and  the  thicker  wings,  offering  room  for  fuel, 
radiators,  etc.,  reduce  the  necessary  size  of  the  body  and 
consequently  its  resistance. 

Beyond  these  features  there  is  not  much  that  can  be 
done  with  the  same  engines,  except  to  build  the  air- 
plane lighter  and  therefore  smaller,  and  lower  in  that 
criterion  of  performance,  low  pounds  per  horsepower. 

Improvements  in  Engines 

Turning  to  our  second  problem,  and  seeking  improve- 
ments in  engines,  there  becomes  evident  at  the  outset 
the  real  and  great  importance  of  the  shape  of  the  engine. 
A  400-hp.  engine  widely  used  today  actually  presents, 
with  its  necessary  radiator,  a  normal  cross-sectional 
area,  at  the  least,  2  sq.  ft.  greater  than  a  800-hp.  engine 
also  well  known.  At  160  miles  per  hr.  airplane  speed, 
practically  200  miles  per  hr.  slipstream  speed,  this  extta 
2  ft.  absorbs  a  resistance  of 

KSV  =  0.003  X  2  X  40,000  =  240  lb. 
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which,  at  a  speed  of  160  miles  per  hr.,  uses  up  about 
128  hp.  Actually,  therefore,  on  the  basis  of  effective 
power  available  for  speed,  the  300-hp.  engine  of  better 
shape  is  more  powerful,  let  alone  that  it  is  lighter  and 
uses  less  fuel.  Of  course,  at  slower  speeds  this  differ- 
ence becomes  less  and  less  marked,  but  for  higher  speed 
it  bec(»nes  tremendously  important. 

Streamline  shape,  however,  is  not  the  only  big  item 
in  Which  engines  can  be  improved.  Their  shape  and 
arrangement  for  mounting  in  the  airplane  are  subject  to 
profitable  modification.  We  too  frequently  overlook  the 
fact  that  the  total  weight  of  an  engine  is  greater  than 
its  weight  bare.  The  engine,  due  to  its  design,  demands 
a  certain  arrangement  of  radiator,  a  certain  cowling,  and, 
what  is  more  important  on  practically  all  upright  engines 
today,  a  heavy,  complicated  and  generally  bad  design 
of  engine  bed.  The  reason  for  this  is  that  we  are  using 
mostly  the  automobile  type  of  engine.  What  we  need  is 
an  airplane  type  of  engine  in  which  these  fundamentals 
are  studied  as  the  important  basis  for  design,  and  not 
relegated  to  be  "coordinated'^  afterward  by  the  airplane 
constructor.  A  modification  in  the  engine  requiring  less 
in  weight  of  engine  bed,  or  cowling,  or  doing  away  with 
extra  fuel-pumps,  water  headers,  etc.,  offers  far  easier 
means  of  reducing  the  total  weight  than  lightening  of 
the  crankshaft.  It  is  the  total  weight  of  the  airplane 
in  the  air  that  counts — not  the  weight  of  the  engine  on 
the  block. 

With  the  few  improvements  in  reducing  airplane  re- 
sistance incorporated  on  a  300  or  400-hp.,  three-seated 
machine,  with  a  new  engine  of  small  size  and  carefully 
studied  shape,  speeds  of  200  miles  per  hr.  are  actually 
'  possible  without  introducing  anything  new  in  the  art  of 
flying,  or  requiring  anything  more  in  skill  and  facilities 
for  landing  than  we  now  have. 

With  speed,  airplane  navigation  itself  becomes  more 
sure.  A  5  mile  per  hr.  drift  throws  the  200  mile  per  hr. 
airplane  only  10  miles  off  its  course  in  400  miles,  whereas 
the  50  mile  per  hr.  airplane  would,  on  a  400-mile  distance, 
be  40  miles  off  its  course.  And  with  sufiicient  speed  we 
have  a  powerful  weapon  with  which  to  fight  objections  of 
high  expense,  uncertainty  or  danger,  because  not  only  as 
the  world  willing  to  pay  for  something  it  can  get  in 
no  other  way,  but  the  history  of  every  means  of  transpor- 
tation shows  what  inconvenience  and  bother  people  will 
tolerate  if  their  time  is  actually  saved  in  great  enough 
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measure,  and  their  life  thereby  made  more  f ulL  In  speed 
is  the  airplane's  greatest  utility;  let  us  seek  it  with  every 
possible  intelligent  effort. 

THE    DISCUSSION 

J.  G.  Vincent: — This  i>aper  is  very  timely,  and  very 
much  to  the  point.  I  entirely  agree  with  Mr.  Loen- 
ing  regarding  the  absolute  necessity  for  putting  the 
airplane  industry  on  a  sound  footing  by  a  careful  and 
painstaking  study  of  the  cold  facts.  His  discussion  of 
the  subject  is  very  clean-cut,  and  worthy  of  the  most 
careful  consideration. 

Coming  to  the  matter  of  design,  I  note  that  he  lays 
great  stress  on  the  necessity  for  developing  higher  speeds 
by  cleaning  up  the  design,  improving  the  engines,  etc. 
Generally  speaking,  I  agree  with  his  contention  that 
reasonably  slow  landing  speeds  must  be  maintained.  To 
put  it  another  way,  I  would  not  recommend  going  after 
high  speeds,  at  least  until  proper  landing  fields  are  avail- 
able all  over  the  country. 

I  heartily  agree  with  him  also  regarding  the  necessity 
for  careful  study  of  engine  design.  I  feel  certain  ths^ 
aircraft  engines  can  be  vastly  improved  without  in  any 
veay  altering  the  basic  designs  which  have  been  found 
good.  These  improvements  will  not  only  consist  of 
changes  to  facilitate  the  mounting  of  the  engine,  but  also 
the  hooking  up  of  the  engine  to  the  various  necessary 
systems,  such  as  the  gasoline  control,  cooling,  lubricating 
systems,  etc.  The  war  has  taught  us  the  necessity  for  sim- 
plification to  secure  reliability,  and  I  am  sure  that  if  the 
engine  and  plane  designers  will  get  together  they  can 
bring  about  a  wonderful  saving  in  cost  and  weight  and 
at  the  same  time  increase  reliability,  and  therefore  the 
safety  of  passengers  and  cargo,  to  an  astonishing  ex- 
tent 

I  want  to  make  a  strong  appeal  for  increased  activity 
along  proper  standardization  lines.  In  the  war  it  was 
necesary  to  work  under  conditions  which  made  stand- 
ardization very  difficult,  if  not  impossible,  but,  as  Mr. 
Loening  has  stated,  a  vast  amount  of  data  has  now 
become  available,  and  reasonable  standardization  will 
greatly  facilitate  the  production  of  good  airplanes  dur- 
ing peace  times. 

A  large  part  of  the  expense  of  building  airplanes  in 
small  numbers  is  the  making  of  the  many  small  fittings. 
These  are  made  out  of  special  materials  the  obtaining 


Digitized  by 


Google 


MAKING  THE  AIBPLANB  A  UTILITY  445 

and  machining  of  which  in  small  quantities  is  a  very 
expensive  matter.  If  these  parts  were  properly  stand- 
ardized they  could  be  manufactured  in  large  lots  by 
specialists  and  made  available  for  the  various  companies 
engaged  in  the  manufacture  of  airplanes  and  airplane 
engines. 

Alexander  Klemin: — It  is  indeed  true  that  the  air- 
plane will  become  commercially  useful  by  virtue  of  its 
utility  and  not  because  of  its  pleasure  features,  and  that 
speed,  above  all  things,  is  to  be  desired,  but  I  am  not 
pf  the  opinion  that  comfort  need  be  entirely  disregarded. 
Mr.  Loening  deals  mainly  with  the  single-engine  machine 
of  between  200  and  400  hp.,  attaining  great  speed  by 
virtue  of  refined  design  and  a  well-adapted  light  engine. 
I  think,  however,  that  200  miles  per  hr.  is  slightly  beyond 
our  powers  at  the  moment,  although  this  figure  can  be 
closely  approached.  Such  a  machine  could  carry  one,  or 
at  most  two,  passengers  besides  the  pilot.  To  secure  the 
required  speed  the  fuselage  would,  of  necessity,  be  cut 
down  to  a  minimum  cross-section  and  the  passengers 
closely  huddled  together.  It  remains  to  be  seen  if  this  is 
the  most  desirable  type  for  commercial  passenger  serv- 
ice. The  expense  of  operating  with  a  carrying  capacity 
of  but  one  or  two  passengers  would  be  very  great  For 
a  machine  of  this  speed  the  pilot  must  of  necessity  be 
exceedingly  skilful,  and  he  will  demand  adequate  remu- 
neration, while  at  the  same  time  there  will  not  be  many  in 
his  class.  The  engine,  if  it  is  to  be  light,  and  it  must  be 
very  light  in  a  small  machine  of  this  type,  will  not  have 
reliability  and  long  life.  In  the  case  of  engine  failure 
across  country  the  pilot  must  immediately  come  dovm, 
and  for  a  time,  at  least,  landing  fields  will  be  none  too 
plentiful. 

It  seems  to  me  that  we  should  consider  for  commercial 
work  the  possibility  of  larger  machines  with  two  or  three 
engines.  With  multiple  engines  it  would  be  possible  to 
complete  a  journey  with  one  engine  completely  out  of 
commission.  With  the  engines  set  out  on  the  wings,  the 
central  fuselage  can  be  made  roomy  and  comfortable  and 
entirely  enclosed,  with  sufficient  space  for  passengers  to 
stretch  their  legs,  an  important,  consideration  even  on 
a  trip  of  11/2  hr.  The  larger  machine  would  be  more 
stable,  and  thereby  safer  and  more  comfortable.  The 
installation  of  wireless  direction  finders,  the  use  of  maps, 
the  means  of  communication  between  pilot  and  passen- 
gers would  all  be  easier.    The  number  of  passengers  car- 
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ried  could  be  increased,  an  important  commercial  con- 
sideration. The  engine  could  be  more  rugged  and  reliable. 
It  is  true  that  all  this  militates  both  against  speed  and 
the  possibility  of  landing  in  restricted  areas,  but  not  to  a 
prohibitive  extent,  and  the  large  machine  virould  certainly 
cease  to  roll  on  the  ground  sooner  than  the  200-mile  per 
hr.  speedplane.  There  vrill  undoubtedly  be  use  for  both 
types  of  plane,  but  I  am  of  the  opinion  that  the  multiple- 
engine  type,  making  less  strenuous  demands  on  the  engine 
builder,  is  extremely  interesting  at  the  present- time. 

I  have  studied  the  question  of  internal  bracing  for. 
some  time,  and  agree  with  Mr.  Loening  that  it  offers 
undoubted  possibilities  for  a  small  type  of  machine* 
For  large  areas  and  spans  the  bridge-type  truss  will  re- 
main. To  offset  the  advantages  of  internal  bracing  we 
have  the  increased  weight  of  the  truss  and  a  poor  wing 
section.  A  systematic  comparative  study  of  the  two 
types  will  no  doubt  be  made  by  the  laboratories,  but  the 
final  answer  will  probably  come  from  the  series  of  ma- 
chines of  this  type  which  are  certain  to  be  built. 

I  am  of  the  opinion  that  something  more  than  speed 
and  ultra  refinement  is  needed.  The  airplane  must  de- 
velop on  such  lines  that  a  little  waste  here  and  there  need 
not  worry  us.  For  war  purposes  when  expense  was  no 
object,  skill  in  handling  was  presupposed,  and  a  little 
structural  and  breakdown  risk  could  be  ignored;  speed 
and  ultra  refinement  were  certainly  the  order  of  the 
day.  We  must  now  build  an  airplane  that  can  be  called 
a  "bus,"  with  all  that  this  insignificant  word  entails. 
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EXPERIMENTAL  AERONAUTICAL 
ENGINEERING 

Bt  Alexander  Klemin^ 

AVERY  complete  technique  has  grown  up  in  aero- 
nautical engineering  and  the  principles  and  utili- 
zation of  this  are  discussed.  However  accurate  and  re- 
fined a  stress  analysis  may  be,  the  structure  of  a  ma- 
chine can  be  amply  strong  in  its  main  members,  such  as 
spars,  wires  and  struts,  and  yet  fail  in  the  lug  of  a 
fitting  or  the  crushing  of  a  bolt.  In  a  machine  of  novel 
type  an  error  may  creep  into  the  stress  anaylsis  which 
will  invalidate  the  strength  of  even  the  main  members. 

It  is  possible  to  eliminate  much  of  the  uncertainty 
of  structural  design  by  submitting  the  skeleton  of  a  new 
machine  to  a  sand  test.  This  and  the  usual  strength 
testing  of  airplane  parts,  such  as  struts  and  wires,  are 
the  two  main  tools  for  investigating  strength  of  struc- 
ture. Tht  French  restrict  the  sand  test  to  the  wing 
truss.  In  England  and  America  the  wings,  tail  sur- 
faces and  controls.,  the  fuselage  and  the  engine  mount- 
ing are  tested.  The  most  important  of  the  tests  is  of 
course  that  of  the  wings.  Lift  and  drift,  the  loop,  dive 
and  recovery,  the  spin  and  the  barrel,  are  analyzed  and 
the  method  for  testing  them  explained.  For  tail  sur- 
faces fewer  aerodynamic  data  are  available.  The  struc- 
ture is  less  determinate,  members  are  small  and  calcula- 
tions are  apt  to  be  neglected. 

Performance  can  be  predicted  by  wind-tunnel  tests. 
The  technique  of  these  is  very  generally  understood. 
Indeed,  so  satisfactory  and  accurate  are  the  results  ob- 
tained from  such  tests  that  experts  are  inclined  to  place 
too  much 'faith  in  the  prediction  values  obtained  from 
them.  If  accurate  models  on  the  same  scale  of  two 
machines  are  tested  at  the  same  wind  velocity,  the  bet- 
ter machine  can  be  selected  almost  invariably. 

The  difficulties  of  performance  tests  now  are  not  in 
the  instruments  or  the  methoas,  but  in  the  preparation 
of  the  plane  and  engine,  and  in  the  work  of  the  pilot. 
Unfortunately,  for  a  number  of  points  such  as  ma- 
neuver ability,  stability  and  controllability,  it  is  nec- 
essary still  to  rely  upon  the  judgment  of  the  pilot.  If, 
however,  the  experimental  tools  available  are  employed 
in  a  skilful  manner,  according  to  engineering  princi- 
ples, progress  in  airplane  designing  and  use  becomes  a 
foregone  conclusion.  Real  development  is  based  on 
patient  investigation. 


HTonsulting  aeronautical  engineer  and  technical  editor,  Aviation 
and  Aeronautical  Engineering,  New  York  City. 
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During  the  war  we  have  seen  a  tremendous  devel- 
opment of  the  experimental  side  of  aeronautical  engi- 
neering. Broadly  speaking,  the  construction  of  every 
new  machine  is  an  experiment  even  if  no  sys- 
tematic tests  of  any  sort  are  carried  out,  and  the 
testing  is  that  of  usage  as  in  the  early  days.  In  a  more 
restricted  sense,  experimental  aeronautical  engineering 
is  that  technical  branch  of  aeronautics  which  involves  the 
systematic  testing  of  an  airplane  or  its  component  parts 
for  the  purpose  of  improvement  or  innovation,  and  this 
from  the  two  main  viewpoints  of  structural  strength  and 
performance,  stability  and  controllability.  This  work, 
although  it  may  be  concerned  with  the  very  latest  de- 
velopments, is  entirely  distinct  from  the  purely  aero- 
dynamic research  of  the  physicist.  It  is  engineer's  work, 
and  should  be  carried  on  by  engineers,  even  though  the 
physicist  may  have  in  some  cases  given  the  scientific 
foundation,  or  helped  in  devising  accurate  instruments. 
A  very  complete  technique  has  grown  up,  and  it  is  the^ 
principles  and  utilization  of  this  technique  that  I  shall 
briefly  discuss. 

Structural  Strength 

However  accurate  and  refined  a  stress  analysis  may  be, 
the  structure  of  a  machine  may  be  amply  strong  in  its 
main  members,  such  as  spars,  wires  and  struts,  yet  fail 
in  the  lug  of  a  fitting  or  the  crushing  of  a  bolt  embedded 
in  wood,  in  which  minor  details  computation  may  be  en- 
tirely impossible  and  judgment  alone  has  to  be  relied 
upon.  In  a  machine  of  novel  type,  or  even  one  with  a 
slightly  varied  truss,  an  error  may  creep  into  the  stress 
analysis  which  will  invalidate  even  the  strength  of  the 
main  members. 

At  an  expense  which  is  negligible  when  safety  is  con- 
sidered, it  is  possible  to  eliminate  much  of  the  uncertainty 
of  structural  design  by  submitting  the  skeleton  of  a  new 
machine  to  a  sand  test,  in  which  air  and  dynamic  forces 
in  flight  are  simulated  by  the  superposition  of  weights. 
This,  and  the  usual  strength  testing  of  airplane  parts, 
such  as  struts  and  wires,  are  the  two  main  tools 
for  investigating  structural  strength.  In  French  prac- 
tice sand  testing  seems  to  be  restricted  to  the  wing  truss. 
In  British  and  American  practice  sand  testing  has  come 
to  embrace  the  wings,  the  tail  surfaces  and  controls, 
the  fuselage  and  the  engine  mounting. 

By  far  the  most  important  sand  test  is,  of  course,  that 
on  the  wings.  We  have  acting  on  the  wings  two  forces, 
lift  and  drift,  which  have  to  be  simulated  by  the  appli- 
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cation  of  loads.  A  difiiculty  arises  in  the  very  enuncia- 
tion of  principles,  because  we  do  not  know  what  condi- 
tion in  the  air  we  wish  to  simulate.  Complicated  maneu- 
vers such  as  a  spin  or  a  barrel  are  quite  beyond  us  at 
the  present  moment  in  the  analysis  of  the  forces  which 
come  into  play.  We  have,  therefore,  to  consider  simple 
maneuvers  in  one  place. 

A  loop,  a  steep  dive  and  a  sharp  recovery  from  a  steep 
dive  are  the  three  maneuvers  which  may  be  taken  as 
imposing  the  severest  stresses,  and  it  is  probable  that  in 
a  loop  skilfully  executed  the  forces  are  inconsiderable. 
There  remain  the  steep  dive  and  the  recovery  from  it. 
In  the  former  the  main  forces  acting  on  the  wing  are 
those  of  drag.  The  plane  will,  when  it  has  attained  its 
limiting  speed,  be  at  a  very  small  angle  of  incidence,  and 
between  50  and  75  per  cent  of  the  weight  of  the  airplane 
will  be  supported  by  the  drag  forces  on  the  plane.  On^ 
recovery  from  a  dive  a  totally  different  condition  occurs. 
The  machine  is  diving  steeply,  when  the  pilot  pulls  his 
elevator  hard  up  and  flattens  out,  describing  a  curve  in 
space  and  imposing  heavy  centrifugal  forces  on  the  ma- 
chine. In  this  case,  before  the  machine  has  lost  much 
of  its  diving  speed  it  has  been  pulled  up  to  a  fairly  large 
angle  of  incidence,  bringing  a  very  heavy  lift  load  to 
bear  on  the  wing  truss,  and  the  lift  load  on  the  wings  is 
now  much  heavier  than  the  drag  load.  No  sand  test  can 
simulate  both  conditions,  and  hence  a  controversy  is 
always  possible  as  to  the  exact  proportion  of  drag  to 
lift  which  should  be  imposed  in  sand  testing.  As  a  com- 
promise the  tests  of  common  practice  are  carried  out 
under  such  conditions  that  the  lift-drift  ratio  is  as  4 
to  1.  This  purely  conventional  loading  at  least  simu- 
lates to  some  extent  the  conditions  existing  under  a 
heavy  dive,  and  at  the  same  time  we  get  a  sufficiency  of 
lift  loading.  Once  adopted,  and  all  machines  being 
tested  in  the  same  way,  we  get  at  least  comparative 
figures. 

Fig.  1  illustrates  how  the  lift  and  drift  components 
are  replaced  by  the  simple  force  of  gravity.  Suppose  that 
the  wing  is  in  flight  at  an  angle  of  2  deg.  to  the  relative 
wind,  and  the  lift-drift  ratio  under  these  conditions 
is  10.  If  under  sand  load  the  wing  is  placed  upside  down, 
with  its  leading  edge  up  at  an  angle  of  5.2  deg.  with  the 
horizontal,  the  components  of  the  gravity  force  along  and 
perpendicular  to  the  chord  will  have  the  same  relative 
values  as  the  components  of  the  lift  and  drift  along  and 
perpendicular  to  the  chord* 
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Resolving  forces  along  and  perpendicular  to  the  chord 
in  full  flight,  we  have,  in  a  simple  analysis, 

Z>  cos  i  —  L  sin  i  and  D  sin  t.+  L  cos  % 
In  sand  load  v^re  have 

W  sin  0  and  W  cos  0, 
D  cos  i--L  sin  i_L/10  cos  2°-~  L  sin  2"  _ 


and  writing 


D  sin  i  +  L  cos  i      L/10  sin  2**  -f  L  cos  2" 


0.9994/10  ~0.03490_  j^jj 

0.0394/10  +  0.9994  -  ^•^'S^^S    wmie 

^^J  =  tan  0  =  tan  5.2<>  =  0.08925 

With  these  simple  principles  established,  and  a  num- 
ber of  aerodynamic  refinements  introduced,  the  sand 
testing  of  a  wing  truss  becomes  a  not  too  difficult  en- 
gineering problem.  In  Fig.  2  is  shown  a  typical  set-up 
of  a  plane  before  a  sand  test. 

Sand  is  usually  applied  in  small  bags  of  5,  10  or  25 
lb.  During  loading  the  wings  are  relieved  by  the  placing 
pf  jacks  under  the  strut  points,  the  jacks  being  slowly 
relieved  when  the  loads  have  been  placed,  and  deflection 
measurements  are  taken.  Careful  provision  is  made  for 
limiting  the  possibility  of  a  general  collapse  when  failure 
occurs,  as  this  would  prevent  the  learning  of  valuable 
lessons  that  the  inspection  of  a  partially  collapsed  struc- 
ture renders  possible. 

Beyond  the  mere  numerical  result  of  such  and  such  a 
factor  of  safety,  i.e.,  the  wing  truss  being  able  to  sup- 
port so  many  times  the  normal  load  in  flight,  the  de- 
signer or  aeronautical  constructor  can  learn  a  great  many 
things  from  such  an  experiment.  For  one  thing,  it  is  a 
final  check  on  inspection,  as  unduly  early  failure  of  a 
spar  or  a  strut  may  disclose  the  fact  that  wood  of  poor 
grain  or  bad  seasoning  has  been  employed.  The  early 
failure  of  a  shackle  may  lead  to  the  discovery  that  an 
entire  series  of  production  shackles  is  valueless.  In  pro- 
duction work  it  is  highly  advisable  to  sand  test  a  plane 
taken  at  random  from  say  100  specimens,  this  being  the 
severest  possible  check  on  the  inspection  system  at  a 
plant. 

Sand  Testing  the  Control  Surfaces 

In  testing  control  surfaces  such  as  stabilizer  and  ele- 
vator it  is  also  possible  to  test  the  controls  themselves,  the 
joy  stick,  the  connecting  system  of  torque  tubes,  elevator 
arms,  etc.  It  is  a  peculiar  thing  that  a  designer  is  less 
likely  to  be  in  error  on  the  design  of  the  structure  of  the 
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wings  than  jon  the  structure  of  the  tail  surfaces.  The 
methods  of  stress  analysis  for  the  wings  seem  to  be  fairly 
well  defined.  For  the  tail  surfaces  fewer  aerody- 
namic data  are  available;  the  structure  is  as  a  rule  less 
determinate  and  the  members  so  small  that  there  is  a 
tendency  for  calculations  to  be  neglected.  Cases  occur 
where  a  plane  may  be  designed  with  particularly  strong 
wings  of  heavy  construction  and  yet  the  elevator  mast 
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be  attached  to  the  elevator  in  the  flimsiest  maimer. 

In  Fig.  3  is  shown  a  typical  set-up  of  a  test  for  the 
horizontal  tail  surface.  Loads  are  applied  and  re- 
leased in  a  fashion  similar  to  that  for  tiie  wings.  For 
both  the  vertical  and  the  horizontal  tail  surfaces  a  con- 
ventional loading  is  employed  such  that  the  mean  loading 
per  square  foot  of  both  the  fixed  and  the  movable  surfaces 
is  identical,  but  whereas  for  the  fixed  surfaces  the  load- 
ing is  uniformly  distributed,  for  the  movable  surfaces 
the  loading  is  made  to  vary  from  zero  at  the  trailing  edge 
to  a  maximum  at  the  leading  edge.  Such  aerodynamic 
data  as  are  available  would  seem  to  indicate  that  this 
method  is  rational.  A  study  of  numerous  sand  tests  for 
the  control  surfaces  indicates  two  or  three  specific  points 
to  be  watched;  viz,  the  attachment  of  elevator  masts  to 
the  elevators,  the  necessity  for  having  reinforcing  wires 
from  elevator  masts  to  the  trailing  edge  of  the  elevator 
in  line  with  the  coptrol  cable,  etc. 

The  methods  employed  are  too  varied  for  discussion 
here.  Tests  reveal  not  so  much  weaknesses  in  the  actual 
body  structure  as  in  the  attachment  of  the  lower  wings 
to  the  fuselage,  in  the  use  of  poor  material  in  longerons, 
etc. 

We  are  not  concerned  in  a  paper  of  this  general  char- 
acter with  the  refinements  of  sand-testing  methods. 
Sufficient  has  been  said,  however,  to  indicate  that  we  have 
here  a  method  which  at  least  approximates  conditions  in 
the  air.  A  plane  which  has  successfully  passed  a  sand 
test  is  not  of  necessity  safe  in  the  air,  but  it  is  quite 
certain  that  a  machine  which  has  not  been  successful  on 
sand  test  is  not  safe  in  the  air. 

In  the  strength  testing  of  airplane  parts  we  are  on 
ground  which  is  much  more  familiar  to  the  engineer. 
The  small  common  types  of  testing  machine  are  all  that 
are  required  as  a  rule.  Special  machinery  is  in  process 
of  development  for  the  proof  testing  of  struts  to  the 
elastic  limit  with  subsequent  use  on  the  plane.  Rib-test- 
ing machines  of  various  types  are  being  developed.  We 
may  look  confidently  to  the  use  of  recording  tension  and 
stress  meters  in  full  fiight  for  wires  and  cables.  This 
branch  of  experimental  aeronautical  engineering  while 
seemingly  hackneyed  and  commonplace  can  be  made  to 
give  the  most  useful  lessons  in  the  hands  of  skilful  men 
who  are  not  specialists  in  testing,  but  have  an  apprecia- 
tion of  aeronautical  problems. 

In  the  experimental  study  of  performance,  stability 
and  controllability,  there  are  two  main  avenues  of  ap- 
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proach;  the  wind  tunnel  and  actual  full-flight  tests. 
Both  have  their  definite  -utility  and  both  can  be  mis- 
judged and  misused. 

Performance  Prediction  by  Wind  Tunnel  Tests 

The  technique  of  wind  tunnel  experimentation  has  been 
so  often  dealt  with  that  it  would  be  supererogatory  to  go 
into  details  on  its  principles  and  methods.  Briefly  speak- 
ing, we  have  in  the  wind  tunnel  a  tube  in  which  is  placed  a 
small  model  of  the  actual  airplane,  past  which  air  is  drawn 
at  a  well-regulated  speed,  while  the  forces  on  the  model 
are  measured  on  a  suitable  and  carefully  designed  bal- 
ance. Unfortunately,  wind  tunnel  literature  has  been 
written  very  often  by  investigators  of  the  utmost  experi- 
mental skill,  but  of  a  restricted  point  of  view.  In  such 
cases  the  tendency  has  been  to  view  the  wind  tunnel  as 
a  final  court  of  appeal. 

It  has  been  rightly  pointed  out  that  in  the  tunnel  con- 
ditions can  be  made  to  suit  the  case,  that  no  risk  is  pres- 
ent, that  the  expense  and  difikulty  of  small  model  experi- 
mentation are  small,  and  that  endless  problems  can  be 
tackled.  This  is  perfectly  true.  It  is  also  true  that 
great  precision  of  measurement  is  possible  in  the  tunnel, 
and  that  for  the  forces  measured  errors  of  not  more  than 
1  per  cent  need  be  present.  There  are,  however,  certain 
very  grave  difficulties.  The  models  can  never  be  abso- 
lutely correct  in  view  of  the  small  scale.  The  scaling  up 
of  forces  in  accordance  with  the  square  of  the  linear 
dimensions  and  the  square  of  the  speed  is  not  at  aJl 
accurate.  It  can  be  demonstrated  by  the  laws  of  dimen- 
siona^  theory  that  air  forces  on  any  body  can  be  ex- 
pressftd  by  the  equation 

R  =  ev*r  f{vl) 
where  e  is  the  density 

/  a  linear  dimension  of  the  model 
V  the  speed 

Experimentation  also  indicates  that  the  law  of  the 
square  of  the  linear  dimensions  and  the  law  of  the  square 
of  the  speed  hold  only  provided  the  value  of  vl  is  a  con- 
stant, i.e.,  the  product  of  the  linear  dimensions  and  the 
speed.  Even  with  the  largest  tunnel  available  and  the 
highest  speed  compatible  with  a  steady  flow  and  no  over- 
heating in  the  tunnel,  the  full-size  values  of  vl  cannot  be 
even  approached.  And  it  has  been  demonstrated  both  in 
the  tunnel  and  by  full-flight  experimentation  that  with 
increased  values  of  vl  the  lift  coefficients  increase  and  the 
drift  coefllicients  diminish  in  value.    It  would  seem  at 
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first  sight  as  if  the  tunnel  were  useless  for  performance 
prediction.  There  is,  however;  an  asymptotic  effect  to 
these  variations,  and  by  performing  experiments  in  the 
wind  tunnel  at  various  values  of  vl,  corrections  can  be  ob- 
tained which  will  give  fairly  accurate  transformation 
values  from  the  model  to  the  full-scale  machine.  By 
conducting  full-scale  experimentation  in  conjunction  with 
wind  tunnel  work  these  correction  values  can  be  checked 
and  with  a  little  experience  and  some  empiricism  an 
almost  exact  prediction  of  performance  can  be  obtained. 

The  practical  man  is  right  in  criticizing  the  wind  tun- 
nel expert  who  places  implicit  faith  in  the  prediction 
values  given  by  the  tunnel,  but  if  the  tunnel  is  rightly 
used  and  corrections  based  on  experience  skilfully  ap- 
plied, if  engineering  instinct  is  brought  to  bear  on  the 
subject,  the  tunnel  can  be  used  for  prediction  of  per- 
formance. The  value  of  this  in  experimental  design 
need  hardly  be  emphasized. 

There  is  another  aspect  of  the  prediction  of  perform- 
ance where  the  tunnel  can  give  exact  answers,  namely, 
in  the  comparative  study  of  machines.  Even  more  im- 
portant than  to  know  what  performance  a  machine  will 
give,  is  to  know  whether  one  machine  will  be  better  than 
another.  If  accurate  models  of  two  machines  are  con- 
structed, if  they  are  tested  with  the  same  scale  and  under 
the  same  wind  velocity  conditions,  the  better  machine  can 
almost  infallibly  be  selected. 

Almost  of  the  same  order  of  importance  in  experi- 
mental design  as  the  prediction  of  performance  is  the 
question  of  stability.  Stability  experimentation  in  the 
air  is  particularly  unsatisfactory  and  even  dangerous. 
A  bad  error  in  the  stability  of  a  machine  may  result  in 
an  accident  on  the  first  flight.  The  question  arises  how 
far  the  wind  tunnel  stability  tests  can  be  trusted.  While 
the  scale  effect  /  (vl)  causes  variation  in  lift  and  drift 
coefficients  it  has  but  a  slight  influence  on  the  movement 
of  the  center  of  pressure.  If  the  stability  on  a  glide  is 
considered,  therefore,  the  wind  tunnel  center  of  pressure 
or  force  vector  diagram  can  be  implicitly  trusted.  But 
when  the  engine  is  running  the  slipstream  of  the  pro- 
peller has  a  disturbing  effect  on  the  tail  of  the  machine, 
and  exactly  what  this  disturbing  effect  is  remains  a  mat- 
ter for  investigation.  Here  again  the  wind  tunnel  re- 
sults must  be  skilfully  used. 

If  stability  tests  in  the  air  are  coordinated  with  wind 
tunnel  tests,  if  empirical  corrections  are  made  for  a  num- 
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ber  of  machines,  the  engineer  will  be  able  to  pass  on  the 
longitudinal  stability  with  sufficient  accuracy.  Particu- 
larly when  trying  out  a  new  machine,  with  a  new  wing 
curve,  or  a  tapered  wing,  or  a  swept-back  wing,  a  wind 
tunnel  test  is  absolutely  essential  to  give  some  idea  of  the 
variation  from  the  normal.  On  the  whole  perfectly  satis- 
factory results  can  be  obtained  if  engineering  empiricism 
is  combined  with  scientific  method.  Either  an  implicit 
trust  in  the  scientific  method  or  a  brutal  disregard  for 
it  will  sooner  or  later  lead  to  dangerous  results.  For 
lateral  stability,  where  slipstream  effects  of  the  pro- 
peller are  negligible,  the  tunnel  provides  an  almost  exact 
criterion. 

In  controllability  little  has  been  done  in  the  tunnel 
hitherto.  Constructors  have  preferred  to  build  machines 
with  fixed  and  movable  surfaces  proportioned  in  accord- 
ance with  the  average  values  of  previous  successful  t3rpes. 
The  method  is  safe  as  long  as  we  are  dealing  with  aver- 
age types.  But  if  new  types  ara  evolved,  exceedingly 
large  or  very  small  machines,  then  something  more  exact 
will  be  required.  It  will  be  necessary  to  make  a  study  of 
the  moments  of  inertia  about  various  axes,  and  then  for 
various  settings  of  the  tail'  surfaces,  to  determine  the 
controlling  moments  which  can  be  imposed,  and  to  fix 
certain  ratios  between  the  two.  In  work  of  this  charac- 
ter the  tunnel  will  be  indispensable. 

Pull-Scale  Methods  of  PERFORiiANCE  Testing 

For  the  testing  of  performance  a  complete  and  satis- 
factory technique  has  now  been  developed.  With  the  aid 
of  a  few  simple  instruments  such  as  a  barograph,  a  re- 
cording thermometer,  a  recording  speed-indicator  and  a 
tachometer,  complete  engineering  data  can  be  obtained  on 
maximum  speeds,  rates  of  climb,  the  revolutions  of  the 
engine,  ceiling,  speeds  at  various  altitudes,  etc.  The  sole 
requirement  which  constitutes  a  real  difficulty  is  the  cali« 
bration  of  the  air  speed  indicator.  No  matter  how  care- 
fully constructed  or  calibrated  in  the  laboratory,  the  air 
speed  indicator  must  be  calibrated  over  a  measured  2-miIe 
course,  and  since  this  has  to  be  done  at  an  altitude  of  not 
more  than  1000  ft.,  the  field  has  to  be  very  large  or  the 
surrounding  country  very  clear  of  obstructions. 

It  may  be  stated  that  the  testing  for  performance  has 
now  reached  a  point  of  sufficient  accuracy.  There  may 
be  further  refinements,  but  from  the  practical  engineer's 
standpoint  the  problem  of  full-flight  testing  is  on  a  per- 
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fectly  satisfactory  basis.  The  real  snags  now  are  not  in 
the  instruments  or  in  the  methods^  but  in  the  careful 
preparation  of  the  plane  and  engine  for  test,  and  in  the 
work  of  the  pilot.  Two  pilots  climbing  the  same  machine 
may  show  a  difference  in  altitude  of  over  1000  ft.  in  the 
first  10-min.  climb,  because  one  of  them  has  not  selected 
that  speed  on  the  climb  which  gives  the  best  results.  A 
faulty  carbureter  adjustment  may  spoil  the  record  of  a 
perfectly  good  plane ;  a  variation  in  incidence  of  the  main 
planes  may  spoil  the  climb. 

In  the  tests  for  stability,  reliance  has  hitherto  been 
placed  almost  entirely  on  the  judgment  of  the  pilot,  with 
the  result  that  one  pilot  may  report  a  ship  tail-heavy,  and 
another  nose-heavy.  The  great  problem  here  is  to  elimi- 
nate the  personal  equation.  This  can  be  done  by  very 
simple  methods,  such  as  placing  spring  balances  on  the 
joy  stick  to  show  the  exact  effort  exercised  by  the  pilot 
under  varying  conditions  of  flight,  or  by  using  gadgets 
to  indicate  the  position  of  the  elevator  for  various  condi- 
tions of  flight.  If  such  methods  come  into  general  use 
not  only  will  the  personal  equation  be  largely  eliminated, 
but  a  great  deal  of  exact  data  on  stability  collected  which 
will  facilitate  further  designs. 

The  difikulties  in  devising  the  scientific  testing  of 
lateral  stability  are  exceedingly  great  For  the  time 
being  we  have  to  place  entire  reliance  on  the  pilot's  report 
of  how  the  airplane  executes  certain  maneuvers,  such  as 
steep  banks,  side  slips,  etc.  To  a  very  great  extent  this  is 
true  for  controllability  also,  and  no  criterion  beyond  the 
pilot's  opinion  seems  possible  at  the  moment. 

The  scope  of  general  full-flight  testing  beyond  per- 
formance and  stability  and  controllability  testing  is 
almost  endless.  The  installation  of  a  thrustmeter  will 
give  us  the  most  valuable  information  on  the  propeller. 
The  final  answer  as  to  whether  radiators  on  the  nose  of 
the  fuselage,  a  radiator  in  the  wings  or  free  radiators  on 
the  sides  or  underneath  the  fuselage  are  to  be  used  can 
be  supplied  only  by  a  systematic  investigation  on  the 
same  machine,  ^he  scope  of  such  work  is  endless.  Not 
only  will  it  have  a  scientific  value  in  the  accumulation  of 
knowledge,  but  it  will  repay  the  practical  constructor  by 
the  improvement  of  his  machine. 
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PAPERS 

PNEUMATIC  TIRES  ON  TRUCKS 
By  B  B  Bachman* 

THIS  paper  records  the  results  obtained  from  opera- 
ting medium- weight  trucks  on  pneumatic  tires,  and 
points  out  the  advantages  and  disadvantages  experi- 
enced. An  analysis  is  made  of  the  claims  advanced 
in  support  of  the  use  of  pneumatic  tires.  Certain 
items  are  specified  which  in  the  author's  opinion  re- 
quire further  development  before  a  satisfactory  solu- 
tion can  be  reached. 

The  use  of  pneumatic  tires  on  trucks  has  been  a 
subject  of  considerable  interest  for  some  years. 
At  the  annual  meeting  of  the  Society  in  1913  I  pre- 
sented a  paper  on  this  subject  and  covered  the  matter 
in  a  more  or  less  general  fashion.  Since  that  time  con- 
siderable progress  has  -been  made  in  truck  construc- 
tion and  a  very  great  advance  in  pneumatic  tires  due  to 
the  appearance  of  the  cord  tire,  whereas  at  the  earlier 
date  the  fabric  tire  was  used  almost  exclusively.  The 
cord  tire,  permitting  the  construction  of  very  large  sizes 
with  corresponding  carrying  capacities,  has  made  it  pos- 
sible to  use  the  pneumatic  tire  on  trucks  up  to  3-tons 
capacity  and  in  some  cases  even  beyond. 

The  most  pertinent  questions  that  arise  in  connection 
with  determining  the  feasibility  of  the  use  of  pneumatic 
tires  are  probably  these: 

(1)  On  what  sizes  of  truck  can  they  be  used? 

(2)  In  what  class  of  service? 

(3)  On  what  kinds  of  road? 

(4)  What  advantages  are  obtained? 

(6)  What  disadvantages  become  evident? 
(6)  Will  it  be  necessary  to  radically  modify  truck  con- 
•  struction  to  use  pneumatic  tires  most  econom- 
ically? 

An  analysis  of  data  contained  in  Automotive  Induatrwe, 
Jan.  16,  1919,  shows  that  on  trucks  ranging  from  1000- 
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lb.  to  5-ton8  capacity  the  maker's  equipment  for  tires  is 
as  given  in  the  accompanying  table: 


Capacity, 

Number  of 

Solid 

Pneumatic 

tons 

models 

only 

only        Optional 

% 

14 

0 

18          ,      1 

%. 

18 

8 

14                 1 

1 

64 

41 

8               15 

l%tol% 

71 

59 

1               11 

2to2H 

128 

118 

2                 8 

3to3H 

81 

80 

0                  1 

6 

62 

62 

0                 0 

It  must,  of  course,  be  recognized  that  this  does  not 
give  an  indication  of  the  cars  which  have  had  their  equip- 
ment changed  by  the  ovmer  after  purchase,  and  probably 
does  not  give  an  indication  of  the  cases  were  pneumatic 
equipment  has  been  furnished  at  the  customer's  request. 
Conversely,  if  a  sufficiently  large  demand  had  arisen,  the 
manufacturer  would  undoubtedly  have  recognized  the  fact 
by  listing  optional  equipment. 

The  Field  of  the  Pneumatic  Tire 

Vievdng  the  figures  with  these  facts  in  mind,  it  would 
seem  to  be  safe  to  say  that  foi^  vehicles  up  to  1500-lb. 
capacity  pneumatic  tires  only  are  proper.  From  2000  to 
8000  lb.  inclusive  there  is  a  strongly  marked  tendency 
toward  pneumatics,  and  on  2  to  2V^-ton  trucks  they  are 
just  making  an  appearance,  while  on  the  larger  sizes 
there  is  practically  no  evidence  apparent  from  this  source. 
We  have  all  seen  large  trucks  of  3,  4  and  possibly  5- 
tons  capacity  with  pneumatic  equipment,  and  the  fact 
that  makers  are  not  listing  them  would  indicate  that 
the  proposition  is  still  in  the  experimental  stage. 

On  the  smaller-sized  vehicles  in  the  delivery  field,  there 
is  hardly  room  for  discussion  as  to  the  desirability  and 
even  necessity  of  pneumatic  tires,  as  the  speeds  are 
high  and  construction  follows  closely  on  passenger  ve- 
hicle lines.  If  these  cars  were  made  rugged  enough  to 
operate  on  solid  tires,  it  would  only  require  the  increasing 
of  the  capacity  of  the  spring  equipment  to  make  them 
suitable  for  possibly  double  their  present  ratings. 

In  the  2000  to  3000-lb.  class,  it  is  my  opinion  that  ex- 
cept for  limiting  factors  which  will  be  covered  later,  all 
vehicles  would  operate  more  economically  and  satisfactor- 
ily on  pneumatic  equipment.    The  reason  for  this  opinion 
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is  that  on  this  size  of  vehicle  the  tire  equipment  does  not 
become  so  expensive  in  initial  instaUation  as  in  larger 
sizes,  and  it  is  easier  to  realize  on  the  advantages  of  in- 
creased speed,  etc.,  without  attendant  difficulties. 

Vehicles  in  the  2  to  2Vi-ton  class  are,  I  believe,  likely 
to  follow  the  last  class,  but  to  do  so  it  is  my  belief  that  a 
different  theory  of  design  will  have  to  be  followed.  Gen- 
erally speaking,  the  cars  in  this  class  are  too  heavy  in 
proportion  to  their  capacity.  This  means  that  to  carry 
the  unnecessary  burden  caused  by  solid  tire  construction, 
excessively  large  and  consequently  expensive  tire  equip- 
ments must  be  used.  It  is  only  natural  therefore  that 
when  the  customer  is  faced  with  an  initial  equipment  ex* 
pense  100  to  200  per  cent  greater  than  for  solid  tires 
there  is  considerable  hesitation  about  going  into  the 
proposition. 

For  the  3  to  3Vi  and  5-ton  classes  the  foregoing  re- 
marks apply  with  possibly  greater  force.  Also  the  utility 
of  this  equipment  will  probably  depend  on  the  future  de- 
velopment of  long  distance  truck  haulage. 

During  the  conditions  existing  for  the  last  eighteen 
months  in  the  congestion  of  railroads  and  terminals,  etc., 
the  use  of  large  trucks  for  long  distance  hauling  has  come 
into  considerable  prominence.  Under  these  extraordinary 
conditions  many  considerations  which  would  normally 
have  to  be  reckoned  with  were  left  out  due  to  the  absolute 
necessity  of  utilizing  every  available  means  of  transporta- 
tion. 

The  increase  in  operating  speed  demanded  by  these 
conditions  to  obtain  favorable  results  on  these  larger 
sizes  has  undoubtedly  been  followed  by  high  mechanical 
depreciation  on  the  part  of  the  car  and  rapid  disintegra- 
tion of  road  surfaces.  It  is  only  natural,  therefore,  that 
the  pneumatic  tire  was  resorted  to  as  a  means  of  alleviat- 
ing both  these  conditions,  and  undoubtedly  results  ob- 
tained were  in  many  cases  successful. 

The  question  still  remains  to  be  answered,  however, 
as  to  what  the  future  will  show  as  to  the  radius  in  which 
truck  transportation  can  compete  with  various  other 
forms  and  what  size  of  unit  will  be  most  satisfactory. 
These  questions  hardly  have  a  proper  place  in  this  dis- 
cussion and  are  mentioned  only  to  indicate  that  they 
exist  and  will  have  a  bearing  on  our  present  subject. 

To  sum  up  then,  it  seems  that  for  vehicles  up^to  1500- 
Ib.  capacity  inclusive  pneumatic  tires  should  be  used 
except  under  very  rare  conditions.    Vehicles  of  2000  to 
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3000-lb.  capacity  should  be  rapidly  changed  to  pneumatic 
equipment  in  the  large  majority  of  cases,  due  to  the  ap- 
pearance of  the  cord  tire.  A  considerable  percentage  of 
2  to  2%-ton  vehicles  will  probably  be  placed  on  pneumatic 
equipment  when  the  subject  has  been  more  clearly  dem- 
onstrated to  the  public  and  after  design  changes  which 
may  be  found  necessary  have  been  made.  On  the  larger 
vehicles,  it  is  my  personal  belief  that  a  great  deal  of 
work  must  be  done  on  a  complex  subject  involving  trans- 
portation problems,  road  construction,  vehicle  construc- 
tion as  to  chassis,  powerplants  and  wheels,  and  also  with 
the  tires  themselves  and  rim  equipment,  before  any 
definite  prediction  can  be  made. 

The  type  of  service  in  which  pneumatic  equipment 
should  be  used  will  cover  first  of  all  light  delivery  service 
of  all  kinds,  for  it  is  in  this  field  that  the  small  car  up  to 
2000-lb.  capacity  is  used. 

In  the  sizes  embracing  the  3000-lb.  and  2  and  2y2-ton 
classes,  the  conditions  where  materials  are  fragile  or 
where  delivery  conditions  require  long  runs  with  fre- 
quent stops  are  the  places  where  the  best  showing  has 
been  made.  Typical  instances  of  this  kind  are  delivery  of 
foodstuffs  in  suburban  territories  and  the  recent  de- 
velopment of  the  parcel  post  system  in  hauling  farm  prod- 
ucts into  the  market. 

With  the  larger  size  trucks  the  only  place,  it  would 
seem,  for  the  use  of  pneumatic  tires  is  in  that  class  of 
service  covering  long  hauls,  where  speed  requirements 
are  high.  One  reason  for  making  this  statement  is  that 
with  these  larger  size  vehicles  the  loss  in  time  due  to 
improper  handling  facilities  at  terminals  is  so  great  that 
where  hauls  are  of  normal  length  more  can  be  gained  in 
speeding  up  the  handling  than  by  increasing  the  car  speed. 

A  limiting  factor  to  all  of  the  preceding  statements  is  to 
be  found  in  the  character  of  roads  on  which  pneumatic 
equipment  is  operated.  When  vehicles  are  operated  in 
part  or  entirely  over  roads  which  are  littered  with  scrap 
metals,  glass,  etc.,  as  is  the  case  in  certain  kinds  of 
work,  the  pneumatic  tire  will  not  have  a  fair  opportunity 
to  demonstrate  in  a  satisfactory  manner. 

The  modem  cord  tire  is  excellent  for  operation  on  al- 
most every  kind  of  road.  The  structural  strength  of 
these  tires  renders  them  less  susceptible  to  injury  from 
stone  bruises,  etc.,  when  operated  on  rough  roads  if  the 
proper  inflation  pressures  are  used  than  with  the  fabric 
tjrpe.     The  types  of  treads  which  have  been  developed 
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are  of  great  assistance  in  snow,  mud  and  on  wet  sur- 
faces. In  consequence,  with  these  advantages  it  is  safe 
to  say  that  the  pneumatic  tire  will  compare  favorably 
with  the  solid  under  almost  every  condition  of  road. 

Advantages  of  Pneumatic  Tires 

The  advantages  claimed  for  the  pneumatic  tire  arQ 
numerous.  Some  of  these  claims  are  so  obviously  cor- 
rect as  to  need  practically  no  discussion ;  others  are  open 
to  considerable  question.  Also,  as  with  every  matter  of 
this  sort,  the  answer  is  not  to  be  obtained  from  any  one 
factor  in  the  problem,  but  after  the  bearing  which  each 
factor  has  upon  all  the  others  has  been  given  considera- 
tion. 

The  claims  of  advantage  which  are  made  may  be  listed 
as  follows: 

(1)  Reduction  in  mechanical  repairs 

(2)  Increase  in  permissible  speed 

(3)  Decrease  in  gasoline  consumption 

(4)  Decrease  in  oil  consumpuon 

(5)  Less  fatigue  for  men 

(6)  Lessened  depreciation  of  roads 

(7)  Greater  tractive  ability 

The  reduction' of  mechanical  troubles  can  be  accepted 
as  a  fact  almost  without  comment.  One  point  to  be  con- 
sidered, however,  is  that  while  the  net  trouble  is  re- 
duced, it  is  apt  to  change  in  character.  With  solid  tire 
equipment,  due  to  the  shocks  on  the  portions  of  the 
chassis  which  are  not  spring  borne,  the  greater  amount 
of  difficulty  is  caused  by  the  wear  and  looseness  devel- 
oped by  this  action.  The  small  amount  of  resiliency  in 
the  wheels  causes  sharp  blows  to  rack  and  twist  the 
chassis  structure,  whereas  the  pneumatic  tire  absorbs  a 
larger  proportion  of  these  shocks,  and  thus  reinforces  the 
spring  action  in  relieving  the  chassis.  There  is,  however, 
a  reverse  side  to  this,  caused  by  the  greater  speeds  which 
in  spite  of  the  generally  larger  sized  wheels  result  in 
higher  engine  speeds.  This  sets  up  mechanical  vibra- 
tions, which  in  conjunction  with  other  troubles  engen- 
dered by  high  engine  speeds  raises  the  proportion  of 
trouble  in  this  part  of  the  mechanism.  However,  as 
stated  before,  the  total  amount  of  trouble  is  decreased, 
and  this  becomes  more  apparent  when  placed  in  propor- 
tion with  the  car  mileage. 


Digitized  by 


Google 


464  THE    SOCIETY    OF    AUTOMOTIVE    EKGINEEBS 

This  is  illustrated  to  some  extent  by  the  experience  on 
a  group  of  1%  to  2-ton  cars  numbering  about  sixty, 
which  are  being  operated  on  long  distance  transfer  work. 
The  mileage  is  running  between  50,000  and  60,000  miles 
per  year.  The  distances  covered  by  each  car  range  from 
130  to  205  miles  per  day,  this  high  daily  mileage  being 
made  possible  by  properly  regulating  shifts  for  the  men. 
Unfortunately  there  is  no  parallel  service  on  solid  tires 
to  compare  with,  but  it  is  the  opinion  of  ccmipetent  ob- 
servers that  the  repair  cost  for  these  cars  is^50  per  cent 
of  the  probable  cost  on  solid  tires,  and  it  is  extremely 
doubtful  if  the  work  could  be  performed  at  all  with  9olid 
tires  on  an3nvhere  near  the  present  schedule. 

Reports  from  these  cars  indicate  an  extremely  small 
amount  of  mechanical  trouble  in  the  axles  and  chassis. 
It  is  estimated  that  75  per  cent  of  the  repair  work  is  on 
the  powerplant,  and  a  considerable,  if  not  the  greater, 
proportion  of  this  is  due  to  the  fact  that  the  increase 
in  speeds  has  not  been  accompanied  by  more  care  in 
following  up  lubrication,  etc. 

To  anyone  who  has  attempted  to  drive  a  vehicle  on  solid 
tires  on  any  but  roads  in  absolutely  perfect  condition,  and 
particularly  if  the  car  was  not  loaded  to  a  point  where 
the  springs  were  operating  to  their  full  extent,  the  lim- 
itations on  speed  are  painfully  apparent.  The  writer  has 
driven  a  3-ton  truck  on  solid  tires  165\niles  at  an  aver- 
age of  17  miles  per  hr.,  and  as  a  result  is  prepared  to 
discourage  anyone  from  doing  likewise  vnth  the  thought 
in  mind  that  the  experience  is  pleasant.  On  pneumatic 
tires  this  would  not  be  at  all  difficult.  This  ability  to  in- 
crease the  speed  of  the  vehicle  materially  increases  the 
distances  which  can  be  covered,  and  is  one  of  the  most 
important  advantages  to  be  gained.  As  pointed  out  be- 
fore, however,  the  gain  will  be  limited  if  the  proportion 
of  idle  time  at  terminals  and  delivery  points  is  high, 
and  this  is  one  of  the,  at  present,  undetermined  factors 
in  predicting  the  degree  of  success  which  will  follow  the 
use  of  pneumatic  tires  on  larger  sizes  of  vehicles. 

The  question  of  relative  gasoline  consumption  is  not 
so  easy  to  dispose  of.  Many  claims  are  made  as  to  in- 
crease in  economy  effected  by  use  of  pneumatic  tires. 
Unfortunately,  the  supporting  evidence  in  many  cases  is, 
to  say  the  least,  incomplete.  Comparisons  are  made  in 
some  instances  between  vehicles  of  different  makes,  in 
others  between  vehicles  of  the  same  make  but  operating 
under  dissimilar  conditions,  and  so  on.    Any  one  who  has 
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attempted  to  collect  accurate  data  on  this  subject  can 
appreciate  the  large  number  of  variables  which  can  in- 
fluence, the  results  and  will  understand  how  hard  it  is 
to  assign  a  value  to  each  of  these  variables. 

On  the  group  of  vehicles  mentioned  above  the  average 
of  gas  consumption  for  all  the  cars  is  very  close  to  d5 
gross  ton-miles  per  gal.  On  this  type  of  car  with  solid 
tires,  80  to  32  gross  ton-miles  per  gal.  is  considered 
average  performance.  These  figures  are  not  directly 
comparable,  however,  for  the  reasons  enumerated. 

I  have  made  some  tests  using  the  same  car  and  nearly 
the  same  loads  over  a  route  of  272  miles,  with  average 
road  conditions  as  to  surface  and  gradients.  The  solid 
tires  were  34  in.  in  diameter,  and  the  axle  gear  reduc- 
tion was  such  as  to  give  69.8  r.p.m.  of  the  engine  per 
mile  per  hr.  of  the  car.  The  pneumatic  tires  were  88  in. 
in  diameter  and  gave  62.7  r.p.m.  per  mile  per  hr.  Three 
series  of  tests  were  made,  one  with  solid  tires,  one  with 
the  pneumatics  on  the  same  axle  reduction,  and  the  third 
with  the  axle  reduction  altered  to  compensate  for  the 
increased  tire  size. 

Runs  were  made  with  different  loads;  in  the  case  of 
the  solid  tire  one  run  was  made  with  a  considerable  over* 
load,  which  was  not  duplicated  on  the  pneumatic  tires. 
The  results  obtained  are  tabulated  on  page  467. 

These  tests  were  made  as  carefully  as  possible  and 
are,  to  say  the  least,  disconcerting  in  the  results  shown. 
It  is  possible,  and  in  fact  very  probable,  that  these  re- 
sults are  due  to  the  form  of  the  tires,  which  were  not  of 
the  conventional  cross-section  and  were  designed  to  op- 
erate at  considerably  lower  inflation  pressures  than  nor- 
mal 

General  observations  lead  me  to  believe  that  the  per- 
formance with  regard  to  gasoline  consumption  will  vary 
according  to  the  road  conditions.  On  very  good  roads 
there  will  be  little  or  no  difference,  while  on  bumpy 
roads  the  pneumatic  tire  will  show  up  the  better. 

With  regard  to  the  claim  for  decreased  oil  consump- 
tion I  can  see  no  good  reason  for  any  change  in  this  par- 
ticular. If  there  is  any  difference  I  should  think  it 
would  be  to  show  a  higher  consumption  for  pneumatic 
tires,  because  on  the  whole  the  engine  speeds  will  be 
higher,  and  as  the  wheel  diameters  are  greater  the  en- 
gine will  be  required  to  develop  high  average  pi^ssures, 
that  is,  it  will  be  operating  at  a  greater  throttle  opening 
more  of  the  time. 
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The  decrease  in  strain  and  the  resultant  lessened 
fatigue  of  the  driver  is  a  very  important  advantage.  It 
is  difficult  to  assign  a  definite  relative  value  to  this  fea- 
ture, but  it  needs  little  discussion  to  realize  that  the 
efficiency  of  the  machine  is  dependent  on  the  efficiency 
of  the  operator,  and  anything  which  favorably  affects 
the  latter  will  be  reflected  in  improvement  in  the  former. 

The  question  of  the  effect  of  heavy  truck  traffic  on 
roads  is  one  which  is  occupying  a  prominent  place  in 
the  thoughts  of  those  charged  with  their  construction 
and  maintenance.  The  claim  is  made  that  the  pneumatic 
tire  lessens  the  strain  on  roads  caused  by  the  larger  sizes 
of  trucks.  On  what  this  claim  is  based  it  is  hard  to  say. 
There  has  not,  up  to  the  present  time,  been  sufficient  ex- 
perience with  pneumatic  equipment  on  trucks  of  S-tons 
capacity  and  over  to  give  accurate  data  on  which  to  base 
an  (pinion. 

Observations  made  on  the  highways  traversed  by  heavy 
truck  traffic  during  the  last  eighteen  months  indicate 
that  a  large  amount  of  the  trouble  was  due  to  the  failure 
not  of  the  surface  but  of  the  foundations,  and  while  it 
may  be  argued  that  this  was  in  part  due  to  shocks  and 
vibrations,  it  is  my  opinion  that  the  real  reason  was  sim- 
ply overload.  Given  a  good  road  as  to  foundation  and 
surface,  and  trucks  operated  at  reasonable  speeds  with 
respect  to  their  size,  and  I  do  not  believe  that  any  great 
difference  in  road  depreciation  will  be  found. 

One  very  great  advantage  of  the  pneumatic  tire  is  the 
greater  adhesion  possible,  particularly  with  the  tsrpes  of 
so-called  non-skid  treads  which  have  been  developed.  This 
feature  has  shown  itself  to  be  of  great  value,  especially 
during  the  severe  weather  of  last  winter,  when  pneu- 
matic tired  trucks  repeatedly  demonstrated  their  ability 
to  keep  going,  while  solid  tire  equipment  was  in  continual 
difficulty. 

Objections  to  Pneumatic  Tires 

The  objections  to  pneumatic  tires  are  not  so  numerous 
but  need  careful  consideration  lest  we  be  carried  away 
with  the  idea  that  their  use  offers  a  solution  for  all 
troubles  with  no  problems  of  their  own  needing  attention. 
These  objections  are  in  my  opinion : 

(1)  High  initial  cost  compared  with  solid  tires 

(2)  The  need  of  carrying  emergency  equipment 
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(3)  The  diflftculty  at- 
tendant on  mak- 
ing road  changes 
due  to  weight 
and  high  infla- 
tion  pressures 
required 

(4)  Reduction  of  the 
high  gearabil- 
ity  and  limita- 
tion of  the  total 
ability  due  to 
larger  diameter 
of  wheels 

(5)  Limitations  im- 
posed on  the  size 
of  brakes  due  to 
the  small  size  of 
wheels 

I  have  taken  the  data 
published  in  the  issue  of 
Automotive  Industries 
previously  referred  to 
and  determined  the  aver- 
age solid  tire  equipment 
of  trucks  from  1  to 
5-tons  capacity.  By  tak- 
ing the  tire  capacities 
corresponding  to  these 
sizes,  it  is  possible  to 
select  approximate  pneu- 
matic equipment  and 
thus  get  an  idea  of  the 
comparative  initial  cost 
of  the  equipment.  The 
results  obtained  are 
given  on  page  468  in 
tabular  form. 

On  the  1-ton  size 
only  one  extra  tire  is 
figured  in,  as  the  front 
and  rear  ones  are  the 
same;  for  the  other  sizes 
two  extra  tires  are  fig- 
ured. It  is  possible  by 
increasing  the  size  of 
the  front  tires  on  the 
1^  to  iy2-ton  class  to 
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"S  have   all   tires   alike,   and 

•i  "^  S  ^  J  **  *^^*  would  in  all  probability 

li*'S'3i*«'*!S«>so         t)e  desirable. 
Is^lg^^S^Si^S  Based  on  these  figures, 

I  §<  ^  -9  "S  ^  it  will  be  seen  that  a  ma- 

terial increase  in  tire  mile- 
age must  be  obtained  to 
^^  bring    the    cost    per   mile 

ooS&SSoS         down  to  within  a  reason- 
able comparison  with  solid 
tires.      Fortunately,     this 
seems  perfectly  possible,  at 
fl  lo  «>  «>  00  S  S         ^^^^  "P  *^  2"*^°^  capacity. 
:§'CXXXXXX         0»    ^«     «^roup     of    cars 


CO  CO  ^  ^  3  ^  which  has  been  used  before 

g            CO  '^     '^  jjj  ^jjjg  article  for  iUustra- 

P  'tion,  the  grand  average  of 
reported  mileage  to  date  is 

J  14,000  miles.    One  make  of 

.Sioio»o«>«>t.  *^^^   ^^^   averaged    19,000 

.^^rxxxxXX  miles,  and  of  all  the  tires 

S  iiSiSiSSS^oo  none  has  given  less  than 

I  ^  6000  or  7000  miles. 

£  This  objection  then  re- 

^  ^  solves  itself  into  a  proposi- 

g  g  tion  of  increasing  the  dif- 

8  .g  ^  .o  lo  t>  2  2  ^^"^^  ^f  getting  the  truck 


nana 

*is  ^"XXXXXX  owner  interested  on  ac- 
3  g352ggg<o  count  of  the  greater  in- 
&**  ^^         vestment.     To  offset  this, 

experience  on  cars  up  to 
2-tons  capacity  at  least,  in- 
dicates that  the  longer  tire 
-  -  life  obtained,  together  with 

S.^MMM^io«o  the  compensating  factors 
i^-^XXXXXX  outlined  above  under  the 
38S5SSSSS  ^^^  ^^  advantages,  will 
^  pay    a    reasonable    return 

on   this    increased    invest- 
ment. 
§  The  need  for  emergency 

S         ;|5;f5;|5;f  equipment    is    a    distinct 

g  S^ooooio  handicap,  not  only  from 
-^  "^     i^  S  c^  w  the    standpoint    of    initial 


expense,  but  because  of  the 
difficulty    in    providing    a 
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suitable  place  for  carrying  these  large  sized  tires  so  as 
to  be  accessible  and  yet  not  encroach  seriously  on  the 
cargo  space  or  interfere  with  the  operator  when  getting 
into  the  truck. 

The  question  of  road  changes  for  punctures,  etc.,  is 
a  very  serious  item.  While  these  troubles  are  guarded 
against  in  the  tire  construction  and  are  reduced  to  a 
minimum,  they  cannot  be  eliminated  and  the  penalty  in- 
curred by  running  on  a  flat  tire  is  too  great  to  be  con-* 
sidered.  The  two  bad  features  in  this  proposition  are 
the  weight  of  these  tires  and  rims  and  the  high  inflation 
pressures  required. 

The  weights  are  roughly  as  follows  for  an  inflated  tire 
and  demountable  rim :  88  by  7-in.,  162  lb. ;  40  by  8-in.,  218 
lb.;  44  by  10-in.,  400  lb.  These  figures  represent  weights 
that  require  much  handling. 

Inflation  pressures  recommended  are:  5-in  section,  80 
lb.;  6-in.,  90  lb.;  7-in.,  100  lb.;  8-in.,  110  lb.;  9-in.,  120  lb.; 
10-in.,  180  lb.,  and  12-in.  140  lb.  It  is  impracticable  to 
consider  hand  pumping  for  any  but  the  6-in.  size,  and 
a  mechanical  pump  installed  correctly  adds  another  con- 
siderable item  of  expense  which  must  be  taken  into  con- 
sideration. 

By  referring  to  the  table  it  will  be  seen  that  the  driv- 
ing-wheel diameters  are  increased  as  follows: 

Increase 
Old  diameter,  New  diameter,  in  diameter, 
Capacity,  tons  in.  in.  per  cent. 

1  34  86  8 

l^tolH  84  86  6 

2  to2H   36  40  11 

.     3     to8H   36  44  22^ 

6  36  44  22^ 

On  the  smaller  sizes  the  change  is  not  so  great  and 
will  probably  work  no  material  hardship  except  in  cases 
where  the  brake  equipment  is  on  the  transmission.  With 
the  larger  sizes  the  difference  is  so  great  as  to  make  it 
extremely  doubtful  whether  there  is  sufficient  flexibility 
in  any  well-designed  truck  to  permit  successful  applica- 
tion. 

The  larger  sections  used  in  these  tires  together  with 
the  space  taken  up  by  the  demountable  rim  leave  a  very 
small  wheel  diameter  remaining,  and  this  imposes  severe 
limitations  on  the  size  of  brake  equipment  and  decreases 
the  ability  of  the  brakes  at  the  same  time.    This  is  a 
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very  important  matter^  on  account  of  the  fact  that  the 
greater  speeds  put  considerably  heavier  duty  on  the 
braking  systems. 

The  heavy-duty  pneumatic  tire,  particularly  in  the 
larger  sizes,  has  come  into  prominence  in  the  last  few 
years  when  engineers  were  so  completely  occupied  as  to 
leave  little  time  for  the  thorough  investigation  of  the 
subject  to  determine  what  effect  their  use  would  have  on 
future  design.  That  there  will  be  need  of  a  consider- 
able change  in  design  with  respect  to  some  particulars 
seems  very  evident. 

The  increase  in  speed  carries  with  it  a  demand  for 
more  efficient  brake  equipment.  Whether  the  present 
style  of  direct-acting  brake  can  be  developed  further  to 
do  the  work  on  the  larger  trucks  is  a  question  which 
will  have  to  be  considered.  Inasmuch  as  air  pressure  will 
be  needed  to  inflate  the  tires,  calling  for  an  efficient  air 
compressor,  it  may  be  found  feasible  to  add  the  other 
elements  necessary  to  provide  for  the  use  of  airbrakes. 

Trucks  as  built  at  present  have  been  developed  for 
solid  tires.  The  factors  of  safety  in  the  load-carrsring 
elements  have  been  made  sufficiently  great  to  provide 
for  the  shock  incident  to  their  use.  The  gear  ratios  in 
axles  and  transmissions  have  been  designed  on  the  basis 
of  the  wheel  diameters  in  conmion  use.  The  thrust  ca- 
pacities of  the  bearings  and  the  torsional  strengths  of 
axle,  transmission  and  propeller-shafts  have  also  been 
calculated  on  these  wheel  diameters.  Increasing  the 
wheel  diameters  has  created  an  entirely  new  set  of  condi- 
tions which  must  be  investigated  before  the  answer  can 
be  safely  stated. 

This  does  not  mean  that  pneumatic  tires  cannot  be 
used  successfully  with  trucks  as  they  are  built  today. 
They  not  only  can,  but  are  being  so  operated.  It  does 
mean,  however,  that  particularly  on  the  larger  sizes,  the 
truck  engineer  must  recognize  the  new  conditions  which 
confront  him  and  must  prepare  himself  to  lAeet  them  by 
making  careful  investigation  on  the  subject  and  learn- 
ing the  relative  importance  of  the  items  herein  sug- 
gested and  possibly  others  which  have  been  neglected. 

The  statements  made  herein  are  exceedingly  general 
in  character.  Experience  on  this  proposition  is  apt  to 
be  so  varied  that  exceptions  to  my  deductions  are  likely  to 
be  numerous.  If  this  is  so  and  discussion  is  created 
which  virill  throw  more  light  on  the  subject,  the  purposes 
of  the  paper  vnll  have  been  fully  served. 
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THE    DISCUSSION 

J.  E.  Hale: — Comparisons  of  cost  between  solid  and 
pneumatic  tires  at  this  time  are  not  really  useful.  When 
the  tire  makers  have  had  a  chance  to  get  into  volume 
production  on  pneumatic  truck  tires,  and  down  to  bed 
rock  in  the  matter  of  improving  the  quality  on  the  one 
hand  and  eliminating  expensive  constructions  on  the 
other,  we  shall  be  able  to  tabulate  costs.  There  are  one 
or  two  places  where  I  think  the  sizes  should  be  chosen 
differently.  For  instance,  on  the  rear  of  the  1-ton 
truck  there  should  be  a  6-in.  tire,  and  on  the  rear  of  a 
IV^-ton  truck  a  7-in.  tire.  The  rear  tire  of  a  5-ton  truck 
should  be  12-in. 

Pneumatic  tire  equipment  for  passenger  buses  has 
remarkable  possibilities.  It  has  already  been  used  to  a 
considerable  extent  and  promises  to  open  up  the  passen- 
ger bus  field  in  the  most  remarkable  and  profitable  way. 
A  volume  might  be  written  on  the  enormous  possibilities 
accruing  from  an  increase  in  permissible  speed.  We  who 
have  had  experience  in  operating  trucks  of  all  sizes  up  to 
6  tons  on  pneumatics  have  come  to  realize  that  motor 
trucks,  provided  they  have  the  power,  can  be  operated  at 
any  speed  within  the  bounds  of  safety.  Another  item  is 
the  control  which  the  driver  has  over  the  truck.  The  free- 
dom from  skidding  on  bad  streets  is  very  noticeable. 

Another  advantage  not  at  once  apparent  which  should 
be  regarded  as  the  most  important  of  all,  is  the  increased 
radius  of  operation  and  idl-round  extension  of  service 
which  is  permissible  on  pneumatic-tired  trucks.  This  is 
most  important  because  of  the  fact  that  a  truck  with 
pneumatic  tires  can  cover  so  much  more  ground  particu- 
larly in  inter-city  haulage  where,  up  to  the  present  time, 
it  has  been  inadvisable  to  use  solid-tired  trucks. 

The  five  objections  to  pneumatic  truck  tires  which  Mr. 
Bachman  mentions  will  either  disappear  entirely  or  be 
greatly  diminished  in  importance  by  improvements  in 
the  tires  and  the  redesign  of  the  trucks  themselves. 

S.  P.  Thacher: — The  advantages  of  pneumatic  tires  for 
trucks,  which  Mr.  Bachman  lists  as  claims  and  of  which 
he  says  some  are  open  to  question,  have  been  so  thor- 
oughly substantiated  by  data  which  I  have  collected  in  the 
past  8  months,  that  there  should  no  longer  be  any  doubt 
in  the  minds  of  truck  engineers  that  their  brothers 
in  the  tire  industry  will  make  possible,  as  they  have  for 
the  passenger  car,  any  and  all  truck  performance  char-, 
acteristics  which  fall  within  the  sphere  of  tire  problems. 
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By  Cornelius  T  Myers* 

BECAUSE  of  the  successful  foreign  service  already 
accomplished  by  motor  trucks,  the  author  believes 
that  the  American  truck  builders  will  now  secure  a 
large  amount  of  foreign  business.  Although  the  gen- 
eral types  of  motor  truck  chassis  are  correct,  more  at- 
tention must  be  paid  to  details  of  design  to  satisfy 
foreign  customers,  since  the  trucks  go  far  beyond  the 
reach  of  the  factory  and  Service  stations.  Good  design 
requires  reliability,  accessibility,  simplicity,  light,  weight 
and  economy  of  operation.  Under  these  several  heads 
the  present  output  of  truck  builders  is  set  forth,  ex- 
plained and  criticised. 

Accessibility  is  no  mean  qualification,  simplicity  is 
absolutely  essential  for  quick  repair.  The  fewer  the 
chassis  parts  the  more  accessible  they  are  and  the 
greater  the  wrench  clearance  available.  The  more 
weight  that  is  added  to  a  chassis  the  less  its  pay-load 
capacity  becomes,  fivery  pound  judiciously  removed 
means  less  power  required  for  driving  and  less  wear- 
and-tear  on  tires.  Weight  reduction  affects  speed. 
Economy  in  operation  covers  far  more  than  fuel,  tires 
and  repairs.  The  nervous  energy  of  the  driver  is  part 
of  the  problem;  his  comfort  has  much  to  do  with  the 
service  rendered.  In  addition  to  the  minimum  of  de- 
tails requiring  attention  and  care,  good  springs,  easy 
seats,  well  arranged  controls  and  protection  from 
weather  should  be  provided. 

The  need  of  training  drivers  for  their  work  is  urged. 
Service  should  mean  not  something  rendered  in  a  gar- 
age to  keep  trucks  on  the  road,  but  something  embodied 
in  the  product,  which  must  be  designed  and  redesigned, 
studied  and  perfected  to  every  reasonable  extent  before 
being  sent  out  under  the  builder's  trademark. 

A  period  of  great  stress  in  the  motor  truck  industry 
has  just  passed.  A  vast  demand  for  its  product  arose. 
The  trucks  themselves  have  magnificently  filled  a  colos- 
sal and  distressing  need,  and  the  industry  has  met 
the  demand  with  a  100  per  cent  response.  The 
performance  of  our  motor  trucks  has  been  one  of 
great  merit.  Tried  under  the  hard  service  of 
war-time  necessity,  they  have  reflected  credit  upon  our 

K^nBultiniT  engineer.  Avenel,  N.  J. 
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industry  and  have  established  a  world-wide  reputation 
for  it.  True,  there  have  been  faults  in  design  and  weak- 
nesses of  construction  that  were  brought  out  from  time 
to  time.  Most  of  these  developed  from  a  service  more 
strenuous  than  that  for  which  the  trucks  were  originally 
designed,  but  the  proper  recognition  of  these  deficiencies 
will  serve  as  a  guide  for  the  present  and  future. 

With  the  United  States  at  last  taking  part  in  world 
aflfairs,  and  considering  the  foreign  service  of  our  motor 
trucks,  it  is  quite  reasonable  that  the  energetic  American 
truck  manufacturer  should  look  abroad  for  considerable 
foreign  business.  He  will  get  it,  beyond  a  doubt.  I  have 
recently  talked  with  a  number  of  men  well  acquainted 
with  foreign  demand  and  competition  in  motor  trucks. 
They  have  all  said  that  there  was  an  undoubted  op- 
portunity for  us  to  get  well  established  abroad,  but 
almost  invariably  have  questioned  one  or  more  details  in 
connection  with  the  particular  truck  or  trucks  under  dis- 
cussion. Some  of  these  men  were  the  heads  of  export 
houses,  others  in  export  organizations  of  standing.  In 
their  case  the  cost  of  an  initial  sale  in  distant  countries 
often  exceeds  not  only  the  nominal  profit  but  the  invoice 
itself,  and  the  profit  comes  from  the  repeat  orders  of  satis- 
fied customers.  These  exporters  were  chiefly  concerned 
with  the  attention  paid  to  details  of  design,  since  the 
trucks  go  far  beyond  the  reach  of  factory  or  service  sta- 
tion. This  brings  us  back  to  the  very  comforting  reflec- 
tion that  our  general  types  of  chassis  are  correct. 

What  Good  Design  Requires 

In  the  progress  of  development  we  have  seen  practi- 
cally all  types  give  way  to  the  truck  with  a  four-cylinder 
four-cycle  engine  mounted  near  the  front  of  the  frame 
and  just  back  of  a  built-up  radiator,  the  driver's  seat  be- 
hind the  engine,  a  selective  controlled  three  or  four-speed 
gearbox,  a  propeller-shaft  with  two  or  more  universal 
joints  and  a  rear  axle  with  an  enclosed  drive.  This  type 
became  popular  because  of  the  comparative  accessibility 
of  all  its  parts.  While  reliability  is  the  first  requisite 
of  a  motor  truck,  accessibility  is  a  close  second ;  so  when 
the  component  parts  of  the  chassis  were  in  a  state  of  de- 
velopment and  needed  considerable  attention,  the  type  of 
chassis  design  that  afforded  ready  access  to  the  various 
units  or  parts  thereof  was  bound  to  prevail.  Now  that 
unit  reliability  has  been  better  established  we  are  likely 
to  see  more  modifications  of  the  prevailing  type. 


Digitized  by 


Google 


474  THE    SOCIETY    OF    AUTOMOTIVE    ENGINEERS 

The  second  requisite  of  a  motor  truck,  the  accessibility 
of  its  parts,  is  no  mean  qualification.  Many  an  offend- 
ing part  has  been  condoned  because  of  its.  ease  of  adjust- 
ment, or  renewal,  and  many  a  truck-hour  has  been  saved 
by  the  ovimer  on  this  account.  Whether  detail  parts  are 
nearly  enough  perfect  for  us  to  compromise  their  accessi- 
bility is  a  matter  for  nice  judgment.  Even  though  aver- 
age performance  is  good,  the  chance  of  accident  must 
be  carefully  considered.  Major  units  should  be  so  assem« 
bled  that  each  can  be  taken  down  for  repairs  with  the 
least  disturbance  of  other  parts  or  units.  Fastenings 
should  be  not  too  complicated  or  too  close  fitting.  Hours 
of  time  are  lost  in  the  service  station,  garage  or  repair 
shop  due  to  small  shortcomings  under  this  head. 

As  the  third  requisite  I  shall  put  dovim  simplicity.  The 
fewer  parts  there  are  on  a  motor  truck  chassis,  as  long  as 
it  still  functions  properly,  the  better  it  is  for  the  owner, 
the  driver  and  the  manufacturer.  There  are  so  few 
parts  on  a  chassis  that  do  not  demand  attention  at  one 
time  or  another  that  any  absolutely  unessential  thing  is 
a  detriment,  however  pleasing  it  may  look  on  the  sales- 
room floor. 

A  well-known  operator  of  many  trucks  in  New  York 
told  me  that  as  often  as  a  new  chassis  was  delivered  to 
him  he  personally  made  an  inspection  to  see  what  he  could 
remove  from  it.  He  invariably  found  a  large  collection 
of  troublesome  stuff  which  he  sold  to  other  users  of  the 
same  model  who  felt  that  these  should  continuously  be  a 
part  of  their  truck's  equipment.  An  attachment  added  to 
an  unsatisfactory  device  to  make  it  function  better  is  a 
poor  substitute  for  a  more  satisfactory  device.  The  fewer 
parts  there  are  on  a  chassis  the  more  accessible  are  all 
of  the  parts  and  the  more  wrench  clearance  is  available. 
This  matter  of  wrench  clearance  is  much  appreciated  by 
the  repair-man  and  helps  to  sell  trucks. 

Fourth  in  order  of  importance  I  should  put  weight. 
The  more  weight  we  add  to  a  given  chassis  the  less  be- 
comes its  pay  load  capacity.  Of  course  it  is  quite  possi- 
ble to  lighten  parts  to  the  extent  that  they  are  too  weak 
to  function  properly;  but  on  the  other  hand  careful  study 
and  analysis  will  reveal  ways  of  reducing  the  weight  of  a 
chassis  without  affecting  its  serviceability.  Every  pound 
removed  from  the  chassis  adds  a  pound  to  the  load  carry- 
ing ability  of  the  truck,  or  calls  for  less  power  in  driving 
and  less  wear  and  tear  on  the  tires.  Weight  reductidi 
also  affects  speed,  as  is  mentioned  later. 
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Fifth  on  my  list  is  operating  economy — pertaining  to 
fuel,  tires,  repairs  and  the  nervous  energy  of  the  driver. 
We  have  a  big  problem  before  us  as  regards  fuel  con- 
sumption, and  from  the  opinions  of  well-known  authori- 
ties the  situation  bids  fair  to  become  worse  in  the  im- 
mediate future.  We  are  not  doing  today  nearly  the  best 
we  can  do  with  the  fuels  we  have. 

Fig.  1  illustrates  the  estimated  petroleum  reserve  in 
the  United  States  and  the  increasing  rate  at  which  it  is 
being  consumed.  Other  sources  are  problematical  and 
not  immediately  available. 

Fig.  2  shows  the  great  and  rapidly  increasing  demand 
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Fio.    1 — Thb  Dombstic  Crude  Pbtrolbum   Situation  from  Data 
Compiled  bt  the  U.  S.  Oeolooical  Survet 

(From   a   paper   entitled    ''An   Interpretation   of   the   Engine   Fuel 
Situation/'  presented  by  Joseph  E.  Pogue  at  the  1919  Annual  Meet- 
ing of  the  Society) 
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Fia.  2 — Chart  op  the  Gascm^inb  Situation  from  Data  Supplied  by 

THE  U.  S.  Gboloqical  Survbt,  U.  S.  Fuel  Administration,  U.  S. 

Bttreau  of  Mines,  National  Automobile  Chamber  of  Commerce 

AND  the  War  Industries  Board 

(From   a   paper   entitled  '"Aji   Interpretation   of   the   Engine   Fuel 
Situation/'  presented  by  Joseph  E.  Pogue  at  the  1919  Annual  Meet- 
ing of  the  Society) 

on  the  fuel  supply  made  by  the  motor  truck,  and  the 
alarmingly  small  increase  in  fuel  production  to  meet  it. 
This  surely  means  a  shortage  and  increase  in  fuel  price, 
and  indicates  the  importance  of  fully  considering  chassis 
design  from  the  standpoint  of  fuel  economy.  One  phase 
of  this  concerns  the  average  load  on  the  engine.  Motor 
truck  engines  under  average  service  conditions  do  not 
operate  v^^ith  ideal  economy  even  at  full  load;  but  how 
often  do  these  engines  operate  under  full  load  or  any- 
where near  it?  The  engine  in  the  average  truck  of  less 
than  2 1/^ -tons  capacity  operates  at  about  20  per  cent  of 
full  load  when  the  truck  is  carrying  its  capacity  load; 
larger  trucks  load  the  engine  a  little  more  heavily. 
When  the  truck  is  running  light,  or  but  partially  loaded 
the  engine  is  called  upon  for  only  12  to  15  per  cent  of  its 
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full  load  torque.  Let  us  see  what  this  means  in  fuel 
economy. 

In  Fig,  3  it  is  brought  out  that  an  engine  at  15  per 
cent  load  is  much  less  efficient  than  at  25  per  cent  and 
uses  approximately  35  per  cent  more  fuel.  Fig.  4  shows 
a  wider  range  of  conditions  and  confirms  this  statement. 

An  even  more  fruitful  field  for  saving,  however,  is  that 
of  carbureter  adjustment  There  are  many  truck  car- 
bureters that  give  the  driver,  a  man  without  knowledge 
of  the  theory  and  practice  of  burning  fuel  in  internal- 
combustion  engines,  the  power  to  upset  to  a  considerable 
degree  the  fuel  economy  we  reasonably  expect  to  obtain. 
He  can  tamper  with  the  carbureter  and  almost  invariably 
he  will  misadjust  it.  Not  only  does  this  result  in  a  very 
considerable  increase  in  the  amount  of  gasoline  con- 
sumed, but  it  can  arbitrarily  reduce  the  torque  of  the 
engine,  overburden  the  cooling  system,  foul  the  spark- 
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Pia.  3 — Curve  op  the  Thermal  Efficiency  op  a  Class  B  Truck 
Enginb  Operating   at   1000   R.P.M.   at  Various   Percbntaqes   op 

Load 

(Prom  a  paper  entitled   "Fuel  Economy  of  Automotive  Engines," 

presented  by  Dr.  H.  C.  Dickinson  at  the  1919  Annual  Meeting  of 

the  Society) 
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Fig.   4 — Fvel  Economy   of  Diffbrbnt  Internal-Combustion   En- 
oiNBs  AT  Various  Percentages  of  Load  Avbraqed  from  a  Number 

OF  Tests 

(From    a    paper    entitled    "The    Principles    of    the    Wheeled    Farm 
Tractor,"  presented  by  Edward  R.  Hewitt  at  the  1919  Annual  Meet- 
ing of  the  Society) 


plugs  and  cause  serious  delays  and  expense  due  to  car- 
bonization of  cylinders  and  dilution  of  crankcase  oil. 

Fig.  5  illustrates  an  average  condition  vouched  for  by 
the  Bureau  of  Standards  and  typical  of  a  large  number 
of  trucks.  It  is  interesting  to  compare  these  curves  with 
the  ones  referred  to  previously.  The  possibilities  of 
saving  fuel  become  distinctly  apparent.  Fig.  6  brings 
out  the  same  conditions  converted  into  miles  per  gallon, 
a  more  familiar  term  to  the  owner.  If  we  decrease  the 
speed  scale  by  one-half  and  double  the  consumption  scale 
we  shall  have  a  diagram  that  represents  truck  perform- 
ance. I  can  testify  to  raising  the  gasoline  mileage  of  a 
certain  model  of  2-ton  truck  from  an  average  of  6  miles 
per  gal.  to  almost  11  miles  without  sacrificing  the  pulling 
ability  or  the  flexibility  in  any  way — bettering  them,  in 
fact. 

The  cost  of  tires  is  a  large  item  in  motor  truck  opera- 
tion. It  can  be  materially  decreased  by  reducing  total 
and  unsprung  weights,  and  bettering  spring  suspension. 
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In  some  instances  tires  are  too  small  for  the  truck. 
There  has  been  some  tendency  to  apply  narrower  tires  to 
save  in  first  cost. 

The  driver's  comfort  has  a  good  bit  to  do  with  the 
service  rendered  by  the  truck.  We  must  therefore  have 
good  springs,  easy  seats,  well  arranged  controls,  protec- 
tion from  inclement  weather  and  the  minimum  of  details 
that  require  attention  and  care. 

A  careful  and  capable  handling  of  the  previously  men- 
tioned features  will  bring  about  a  design  of  chassis  that 
will  permit  of  a  high  average  speed.  We  can  haul  as 
heavy  loads  with  horses  or  mules  as  with  trucks,  but  the 
great  advantage  the  truck  possesses  over  animal-drawn 
vehicles  is  that  of  speed.  How  fast  can  the  load  be  de- 
delivered  and  a  return  made  for  the  next  load?  The  per- 
fecting of  the  "giant"  pneumatic  tire  has  made  possible 
a  considerable  increase  in  maximum  speed,  and  we  are 
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A  Standard  Carbureter  and  Using   Different  Mixture  Adjust- 
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(From  a  paper  entitled   "Fuel   Economy  of  Automotive  Engines." 

presented  by  Dr.  H.  C.  Dickinson  at  the  1919  Annual  Meeting  of 

the  Society) 
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bound  to  see  this  possibility  developed.  With  the  consid- 
erable increase  of  speed  more  attention  v^rill  have  to  be 
paid  to  brakes  and  steering  mechanism.  However,  it  is 
the  average  speed  that  countfi — not  the  maximum  speed. 
A  safe  increase  in  maximum  speed  helps  the  average,  es- 
pecially on  long  hauls.  But  a  far  more  important  feature 
than  maximum  speed  is  that  of  keeping  the  trucks  mov- 
ing. No  wasted  time  in  roadside  adjustments  or  repairs, 
or  in  the  repair  shop,  or  due  to  the  neglect  of  some  in- 
accessible part,  to  accidents  resulting  from  an  overtired 
driver,  to  expensive  overhaul,  or  to  failure  of  small  de- 
tails, which  receive  less  design  attention  than  they  de- 
serve on  account  of  the  large  amount  of  thought  and 
energy  expended  on  main  units,  are  desired. 

The  last  general  point  upon  which  I  shall  touch  is  cost. 
Here  it  is  more  important  to  consider  the  cost  of  trans- 
portation by  motor  truck  than  the  cost  of  the  truck  it- 
self. The  purchaser  is  only  incidentally  interested  in  the 
size  and  type  of  the  various  structural  features  entering 
into  the  composition  of  the  chassis.  What  he  wants  ia 
a  piece  of  mechanism  that  will  carry  his  goods  for  the 
lowest  net  cost  and  cause  him  the  least  worry.  If  manu- 
facturing costs  are  reduced  at  the  expense  of  any  of  the 
vital  features  of  the  truck,  it  is  worth  less  to  the  buyer, 
and,  in  the  course  of  time,  he  will  discover  it.  One  thing 
that  some  of  our  war  work  has  done  is  to  show  how 
small  a  difference  in  cost  exists  between  a  thing  well  done 
and  one  nearly  well  done.  If  this  lesson  is  heeded,  if 
simplification  is  properly  carried  out,  and  the  designs 
drawn  so  that  some  parts  can  perform  a  double,  or  some- 
times even  a  triple,  function,  large  cost  reductions  can  be 
made. 

In  a  paper  delivered  recently  before  the  Society  the 
chief  engineer  of  one  of  our  large  companies  placed  cost 
reduction  ahead  of  economy.  He  stated,  "I  must  confess 
that  in  placing  economy  below  first  cost  I  am  reflecting 
the  buyer's  attitude,  as  he,  thanks  to  the  manufacturer's 
reputation  for  never  understating  his  case,  will  give 
greater  weight  to  a  known  economy  of  first  cost  than  to 
a  promised  economy  in  operation."  Possibly  more  re- 
straint put  upon  the  sales  and  advertising  departments 
would  obviate  this  attitude,  which  is  detrimental  to  the 
industry  and  the  trade. 

Now  as  to  more  specific  features  of  the  motor  truck 
chassis. 

Cooling  systems  leave  much  to  be  desired.    The  built- 
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up  tjrpe  of  radiator  with  large  gilled  tubes,  is  very  sturdy 
and  reliable;  hence  its  popularity.  It  is  bulky,  com- 
paratively inefficient  and  costly.  It  imposes  its  extra 
weight  on  the  frame  ahead  of  the  front  axle,  which  makes 
for  harder  steering.  Much  improvement  in  average  fan 
efficiency  has  been  made  in  the  last  three  years,  but  we 
can  certainly  go  further  in  this  direction.  Fan  location 
can  be  improved,  and  altogether  I  am  satisfied  that  a 
very  considerable  betterment  can  be  effected  in  our  cool- 
ing systems. 

Spring  Suspensions 

Spring  suspensions  have  improved,  but  still  offer  a 
large  field  for  advancement.  The  fact  that  they  serve  as 
buffers  for  the  whole  chassis  above  them,  and  that  the 
life  of  the  chassis  parts  is  largely  dependent  upon  the 
efficiency  with  which  they  function,  warrants  very  care- 
ful study  of  everything  pertaining  to  the  spring  suspen- 
sion.   The  life  of  tires,  also,  will  be  favorably  affected  by 
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FiQ.  6 — Curve  Showing  the  Rhlation  Bbtween  thb  Spsbd  op  a 
Ford  Car  Equippbo  with  a  Standard  Carburbtbr  and  Using  Dip- 
PERBNT  Mixtures  and  the  Mileage  Obtained  prom  a  Gallon  op 

Fuel 

(From   a  paper  entitled   "Fuel  Economy  of  Automotive  EJnglnes/' 

presented  by  Dr.  H.  C.  Dickinson  at  the  1919  Annual  Meetinfr  of 

the  Society) 
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good  springing.  Longer  springs,  flat  under  load,  are 
being  generally  adopted.  We  have  not  yet  got  the  spring 
that  will  give  us  a  much  higher  rate  of  deflection  at  light 
load  than  at  full  load.  Some  commendable  efforts  in  this 
direction  are  being  made,  however,  and  the  results  will 
be  watched  with  much  interest.  Springs  which  receive 
enough  oil  to  keep  the  leaves  from  rusting  and  accumu- 
lating an  excessive  amount  of  interleaf  friction  have  a 
considerable  advantage,  and  the  rapid  increase  in  the  use 
of  oil  as  a  spring-bolt  lubricant  will  increase  spring  ef- 
fectiveness. 

Close  attention  to  spring-bolt  lubrication  will  pay  big 
returns.  Grease  as  a  lubricant  is  doomed;  it  is  only  a 
semi-lubricant  at  best  and  a  dirt  carrier.  When  a  spring 
opens  up  at  the  eye  or  breaks  near  it,  the  cause  can  almost 
invariably  be  traced  to  a  bolt  which  has  bound  or  chafed 
in  the  eye  bushing.  Many  a  grease  lubricated  bolt  has 
had  to  be  driven  out  of  its  bushing.  Lack  of  good  lu- 
brication here  contributes  to  hard  riding.  Most  oil  fit- 
tings on  spring-bolts  admit  dirt  and  water.  They  are 
easily  damaged  or  knocked  off,  and  the  scant  attention 
paid  to  them  by  truck  users  has  led  me  to  a  close  study 
of  these  details  for  several  years. 

Fig.  7  shows  a  magazine  oiling  device  for  spring-bolts 
that  has  been  in  use  on  the  Pacific  coast  for  two  years, 
and  was  incorporated  in  the  Class  B  Army  truck.  The 
bracket  casting  is  of  a  strong  hollow  section  which  forms 
an  oil  reservoir  of  unusual  capacity.  The  feed  is  by 
capillary  attraction  through  a  good-sized  wick  which 
completely  fills  the  tube  and  acts  as  a  filter  as  well  as  a 
carrier.  The  oil  feeds  slowly  under  the  influence  of  the 
vibration  of  the  truck  and  the  motion  of  the  bolt  in  its 
bushing  and  ceases  when  these  stop.  A  single  filling  will 
last  from  one  to  three  months.  Dirt  and  water  cannot 
be  fed  to  the  bolt.  The  small  surplus  of  oil  flows  down 
the  spring  leaves  and  keeps  them  easy  and  free. from 
rust.  In  Fig.  8  the  rear  shackle  is  made  hollow  for  the 
oil  and  is  very  strong,  due  to  the  box  section;  yet  it  is 
not  clumsy  looking  and  entails  no  extra  machining  ex- 
cept tapping  the  hole  for  the  filler  plug. 

We  have  all  been  looking  for  a  means  of  determining 
how  good  springs  are.  I  quote  from  a  letter  which 
shows  the  value  of  good  springs  in  a  certain  kind  of 
service :  "Packing  houses  in  the  fruit  and  vegetable  dis- 
trict pay  owners  of  trucks  equipped  with  magazine  oiling 
one  cent  more  per  crate  for  delivery  than  they  pay  for 
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the  same  hauling  with  other  makes  of  trucks,  as  they 
claim  that  berries,  etc.,  arrive  in  very  much  better 
condition  when  hauled  by  the  lubricated  spring  trucks." 
This  is  a  very  practical  demonstration  of  a  direct  com- 
mercial benefit  due  to  attention  to  detail.  A  certain 
trade  publication  recently  reported  that  a  fleet  of  twenty- 
five  trucks,  similarly  equipped,  and  handling  ore  over 
bad  roads,  showed  a  much  better  tire  mileage  than  could 
be  obtained  with  other  trucks  on  this  same  service. 

While  on  this  subject  of  oiling  of  chassis  parts,  it 
may  be  well  to  call  attention  to  the  unsatisfactory 
manner  in  which  most  of  our  brake  connections  are  lu- 
bricated. The  effectiveness  of  brakes  is  often  seriously 
impaired  by  the  undue  amount  of  friction  almost  always 
present  in  the  connections,  which  wear  badly  and  also 
1 


Fia.  7  Fia.  8 

Two  ExAiiPLBS  OF  Oiling  Devices  for  Spring  Bolts 

The  rocker  shafts  of  the  Class  B  truck  were  lubricated 
by  the  magazine  wick  system.  As  a  rule  not  only  is  little 
provision  made  for  lubricating  these  points,  but  they  are 
so  inaccessible  that  they  get  practically  no  attention. 
This  feature  of  inaccessibility  also  applies  to  the  rear 
axle  brake  parts,  and  a  very  considerable  improvement 
can  be  looked  for  there.  These  should  be  magazine-fed 
so  as  to  compensate  for  the  lack  of  attention  they  receive. 

The  use  of  oil  on  front  axle  pins  and  on  drag  links  is 
rapidly  becoming  general,  as  it  should.  There  is  room 
for  improvement  in  detail  here.  A  device  for  lubricating 
a  universal-joint  by  a  small  amount  of  oil  drawn  auto- 
matically from  the  gearbox  or  rear  axle,  has  been  pro- 
posed and  is  being  developed.  It  also  feeds  to  the  slip 
joint  in  the  propeller-shaft  where  it  is  of  great  service  in 
helping  to  eliminate  the  heavy  thrusts  against  the  bear- 
ings forward  of  the  universal-joint. 
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The  New  York  branch  of  one  of  our  large  truck  com- 
panies has  established  a  school  for  training  drivers,  and 
this  school  lays  especial  emphasis  on  lubrication.  Every 
man  attending  is  given  an  oil  can  and  goes  over  and  over 
the  chassis  until  he  has  thoroughly  learned  the  position 
of  every  oil  cup,  etc.  Many  a  poor  chassis  that  has  been 
well  lubricated  by  its  driver  has  out-served  better  ones 
that  were  poorly  lubricated  or  scarcely  lubricated  at  all. 
I  believe  we  can  profitably  keep  before  us  the  fact  that 
practically  all  mechanisms  depend  upon  a  lubricant  for 
proper  functioning.  The  more  automatic  the  lubricating 
means  have  become,  the  more  successful  and  fool-proof 
have  our  mechanisms  become. 

In  the  matter  of  axles  and  wheels  we  have  achieved 
great  reliability  at  the  expense  of  additions  in  unsprung 
weight.  As  a  result  tires  have  suffered.  There  is  need 
for  improvement  in  methods  of  fastening  springs  to 
axles.  At  present  there  seems  to  be  a  serious  need  of 
larger  spring  clips  than  are  being  used  and  better  methods 
of  keeping  clip  nuts  tight.  Much  spring  breakage  can  be 
traced  to  loose  clips.  Steel  wheels  for  3  to  5-ton  trucks 
are  making  considerable  progress,  due  probably  to  a 
scarcity  of  first-class  wood  for  felloes.  Steel  wheels  will 
be  lighter,  we  hope,  as  time  goes  on,  and  wood  wheels  of 
better  quality. 

Gearbox  design  is  in  general  fairly  well  standardized. 
However,  the  call  for  boxes  having  a  ratio  of  high  gear 
to  low  gear  in  excess  of  4  to  1  is  being  heeded.  I  can 
remember  laying  out  a  chassis  in  1911  and  in- 
corporating a  four-speed  box  in  which  the  low-gear  re- 
duction was  5%  times  the  high  gear.  Two  large  build- 
ers of  such  units  looked  over  the  designs  but  could  not 
see  th^  necessity  either  for  four  speeds  or  for  the  large 
speed  range;  about  3.6  to  1  then  being  thought  to  be 
the  correct  range.  The  testimony  given  in  many  con- 
ferences on  the  Class  6  gearbox  design  and  the  splendid 
low-gear  performance  of  these  trucks,  which  had  a  speed 
range  of  about  6  to  1,  has  made  apparent  the  value  of  the 
big  range,  and  there  is  a  rather  general  movement  to 
take  advantage  of  it. 

Engine  Size 

Engine  size  cannot  be  considered  without  due  thought 
being  given  to  several  other  important  characteristics. 
The  horsepower  necessary  to  drive  a  truck  at  a  given 
speed  being  about  in  proportion  to  the  total  weight 
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moved,  it  will  readily  be  seen  how  important  is  any  re- 
duction in  chassis  weight.  In  considering  engine  size 
the  torque  and  maximum  advisable  rotative  speed 
are  the  two  important  factors.  With  these  must 
be  correlated  the  various  gear  reductions,  the  di- 
ameter of  the  driving  tires  and  the  total  weight  moved. 
Six  years  ago  and  twice  subsequently  papers  were  read 
before  this  Society  in  which  was  given  a  tractive  factor 
formula  embodying  these  relations.  Comparisons  of 
American  and  French  trucks  were  made,  and  specific  ap- 
plications of  this  formula  were  given.  The  substance  of 
this  formula  was  embodied  in  the  specifications  of  the 
Quartermaster  General's  Office  of  the  Army,  now  the  Mo- 
tor Transport  Corps,  covering  Class  A  and  Class  B  trucks. 
This  formula  can  be  written  in  two  ways: 

Engine  Torque  X  R 
^^-   ^DXW  X-e*,  or 

SAnbUR 
TF=      ^^^      XEmXEt 

in  which  R  =  gear  reduction 

D  =  diameter  of  driving  tires  in  inches 
W  =  total  weight  in  pounds 

Em  =  ratio  of  torque  developed  by  engine  at  1000  ft.  per 
min.  piston  speed,  to  the  torque  corresponding 
to  the  A.  L.  A.  M.  (N.  A.  C.  C.)  horsepower 
rating  of  the  engine 
Et  =  efficiency  of  transmission  system,  engine  to  tires 
b  =  bore  in  inches 
8  =  stroke  in  inches 
n  =  number  of  cylinders 

Either  of  these  can  be  of  help  in  determining  engine 
size  and  in  producing  a  well-balanced  design.  They  are 
also  of  use  in  making  general  comparisons  of  ability 
characteristics.* 

In  general,  trucks  of  today  are  correct  as  to  type  and 
contain  reliable  units.  Some  are  firmly  established  as  at 
least  th&  equal  of  foreign  competitors,  but  the  cessation 
of  hostilities  has  left  us  with  valuable  experience  and 
new  opportunities.  Our  chassis  design  is  capable  of  de- 
velopment and  we  shall  refine  many  details.  From  now 
on  I  believe  we  are  going  to  think  of  "service"  not  as 
something  rendered  from  a  garage  to  keep  our  trucks  on 
the  road,  but  as  embodied  in  our  product,  which  must 
be  designed  and  redesigned,  studied  and  perfected  to 

'See  papers  by  the  author  on  this  formula  In  vols.  8.  9  and  10  of 
the  8.  A.  E.  Trana<ictiona. 
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every  reasonable  extent  within  our  means  before  being 
sent  out  of  the  shops  with  our  trademarks. 

Good  detail  will  do  it.  Detail  that  serves  reliability, 
accessibility,  simplicity,  weight  reduction,  speed,  economy 
of  operation  and  cost. 

The  head  of  one  of  our  important  trade  publication 
companies,  returning  recently  from  a  trip  through  the 
automobile  factories  of  England  and  France,  was  much 
impressed  with  the  air  of  solidarity  and  permanency  of 
these  plants.  He  was  also  impressed  with  the  refine- 
ment of  design  and  the  finish  of  the  products.  He  set 
forth  his  views  on  these  things  in  a  call  to  American 
manufacturers  to  perfect  the  details  of  their  product  and 
set  up  standards  of  high  quality.  ''Reconstruction  is 
at  hand,"  he  states.  "The  world  is  entering  on  new  con- 
ditions. American  manufacturing  enterprise  must  now 
evolve  from  transient  and  short-lived  dividend  produc- 
tion to  aH  institutional,  permanent  and  constructive  es- 
tablishment which  will  outlive  its  progenitors  and  es- 
tablish the  solidity  of  American  industry  in  the  future 
markets  of  the  world." 

That  is  not  a  criticism,  but  a  call  that  I  believe  is  al- 
ready being  heeded. 

THE  DISCUSSION 
W.  M.  Britton: — Mr.  Myers  did  not  bring  out  fully 
enough  the  necessity  for  considering  the  tractive  factor 
in  chassis  design.  He  has  referred  to  a  formula  for  ob- 
taining tractive  factors,  but  it  would  appear  to  the  aver- 
age man  as  being  out  of  the  ordinary.  This  is  not  the 
case.  In  fact,  it  is  a  very  simple  proposition,  which  any- 
one can  readily  understand,  and  which  every  designer 
must  consider  in  working  upon  trucks  or  automobiles.  It 
is  simply  a  problem  of  determining  the  tractive  ability 
of  the  vehicle.  The  gear  ratio  of  the  rear  axle  is  known 
and  so  is  the  distance  from  the  center  of  the  axle  to  the 
outside  of  the  wheel.  Let  us  assume  that  the  gear  ratio 
is  8  to  1.  Multiplying  the  torque  of  the  engine  in  inch- 
pounds  by  eight,  gives  the  inch-pounds  torque  at  the  rear 
wheel.  Dividing  this  by  the  distance  from  the  center 
to  the  outside  of  the  wheel  gives  the  tractive  effort  at 
that  point  Then,  by  dividing  the  tractive  effort  by  the 
weight  of  the  vehicle,  the  tractive  factor  is  obtained.  In 
preparing  the  specifications  for  Government  vehicles,  the 
conditions  under  which  the  trucks  must  be  operated  were 
known,  and  it  was  necessary  to  specify  the  tractive  abil- 
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ity  of  the  vehicles  in  a  very  definite  manner.  At  that 
time  different  kinds  and  sizes  of  vehicles  were  being 
bought  and  it  was  necessary  to  know  something  about 
what  each  vehicle  would  do. 

Mr.  Myers  has  referred  to  the  cooling  system  of  the 
Class  B  truck.  It  was  provided  with  a  fan  shroud.  In 
the  design  of  this  truck,  the  question  came  up  as  to 
whether  or  not  a  fan  shroud  should  be  used.  Some  of 
the  truck  designers  and  engineers  claimed  that  it  was 
not  needed,  and  that  they  had  conclusively  proved  by 
experiments  that  it  gave' no  good  results  and  was  simply 
another  complication.  I  insisted  that  the  experiments 
which  had  been  conducted  be  repeated  to  demonstrate 
the  accuracy  of  their  observations.  When  th^  were 
completed,  all  were  of  the  opinion  that  the  fan  shroud  is 
effective  and  that  it  adds  very  materially  to  the  efficiency 
of  the  radiator.  As  a  result  of  these  experiments  on  the 
fan  and  the  radiator,  it  was  possible  to  use  a  decidedly 
smaller  radiator  than  had  been  previously  specified.  It 
has  been  the  customary  practice  to  specify  the  cooling 
area  of  the  radiator  in  proportion  to  the  horsepower  of 
the  engine.  In  the  Government  specifications,  the  cool- 
ing area  of  the  radiator  in  proportion  to  the  piston- 
swept  surface  of  the  cylinder  walls  was  specified,  in  other 
words;  the  circumference  of  the  cylinder  multiplied  by 
the  stroke,  multiplied  by  the  number  of  cylinders.  This, 
I  believe,  bears  a  more  accurate  relation  to  the  cooling 
area  required  than  the  method  previously  mentioned. 

With  reference  to  springs,  it  should  be  kept  in  mind 
that  they  can  be  too  well  lubricated.  Springs  are  not 
polished  carefully  and  oiled,  and  there  is  a  definite  rea- 
son for  this.  A  leaf  spring,  properly  constructed,  is  an 
excellent  shock  absorber.  .  If  it  has  too  much  oil  it  gives 
too  much  rebound  and  has  no  shock-absorbing  effect. 
Just  enough  oil  to  prevent  squeaking  and  rusting  is  de- 
sired. 

I  agree  with  Mr.  Myers  as  to  the  use  of  oil  for  the 
general  lubrication  of  trucks.  Attention  must  be  given 
to  the  wick  in  the  device  he  mentioned.  If  the  lower 
end  is  below  the  point  of  supply,  or  if  the  wick  is  loosely 
installed,  the  oil  will  continue  to  flow  whether  the  vehicle 
is  running  or  not.  Small  oil  lubricators  with  wicks  are 
satisfactory.  Any  kind  of  dirty  oil  can  be  used.  The 
packing  in  the  lubricator  will  screen  out  the  dirt  and 
good  lubrication  will  result. 

I  wish  to  emphasize  the  value  of  low  gear  reduction  in 
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transmissions.  When  we  began  to  test  trucks  in  Wash- 
ington, one  of  the  greatest  difficulties  was  to  make  the 
truck  builder  understand  that  trucks  for  severe  service 
must  have  low  gear  reduction.  For  conunercial  and 
economical  use  smaller  engines,  capable  of  high  speed 
must  be  used.  A  high-speed  engine  should  not  be  ex- 
pected to  pull  heavy  loads  with  a  high-speed  gear  reduc- 
tion, but  it  can  be  given  just  as  good  pulling  character- 
istics as  a  low-speed  engine,  if  a  proper  gear  ratio  is 
selected  for  the  transmission  and  the  rear  axle. 

The  question  of  unsprung  weight  is  very  impbrtant 
and  will  militate  very  decidedly  against  the  use  of  steel 
wheels  of  the  present  design.  The  use  of  well-constructed 
wood  wheels  is  thoroughly  satisfactory,  and  gives  a  lower 
unsprung  weight. 

A.  L.  Riker: — I  want  to  ask  what  happens  to  the  oil 
at  10  deg.  below  zero? 

Mr.  Myers  : — Heavy  oil  does  not  flow  at  zero  tempera- 
tures, and  it  is  not  advisable  to  use  a  very  heavy  oil  in 
winter.  We  should  use  lighter  oil  on  account  of  the  fea- 
ture brought  out  by  Mr.  Britton.  With  loose  wicks, 
however,  a  light  oil  feeds  out  under  the  influence  of  en- 
gine idling  when  the  truck  is  standing  still.  If  the 
wick  is  tight  light  oil  can  be  used.  The  advisable  thing 
to  do  is  to  use  the  same  oil  that  is  used  in  engines,  light 
in  winter  and  heavy  in  summer,  in  connection  with 
snugly  fitted  felt  wicks. 

Mr.  Riker: — Does  the  device  work  under  all  conditions 
and  all  the  time? 

Mr.  Myers: — There  is  no  such  thing  as  never  failing, 
but  the  magazine  system  does  remarkably  well.'  We  have 
had  trouble  from  the  congealing  of  the  600W  oil  in  cold 
weather,  but  found  from  experience  that  a  little  kerosene 
would  loosen  the  oil  up  and  give  satisfactory  lubrication. 
With  grease,  however,  there  is  practically  no  lubrication 
whatever  in  cold  weather.  i 

In  France  the  Motor  Transport  Corps  of  the  A.  E.  F^ 
used  half  oil,  half  kerosene  and  report  very  satisfactory 
r^ults.  A  major  well  qualified  by  past  experience  to 
comment  on  such  details  writes 

The  point  about  the  Class  "B"  truck  that  impressed 
itself  most  forcibly  on  my  mind  was  the  automatic  oil- 
ing of  various  chassis  parts  such  as  the  spring-shackles 
and  hangers,  brake-control  linkage  bearings,  universal- 
joints,  steering-knuckle  bolts,  and  other  parts  by  maga- 
zines which  supplied  the  oil  to  the  bearing  points  by 
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wicks.  These  magazines  could  be  filled  with  fluid  oil, 
and  a  filling  once  a  month  was  all  that  was  needed.  The 
cast  spring-brackets  were  cored  out  and  held  a  good 
quantity  of  oil.  In  cold  weather  the  oil  was  thinned 
with  kerosene  and  fed  to  the  bearings  through  wicks 
without  much  diflftculty.  The  kerosene  cuts  rust  and  car- 
ries enough  oil  with  it  to  insure  adequate  lubrication  of 
points  usually  neglected.  Trucks  equipped  with  the 
magazine  oil  feed  were  always  better  lubricated  than 
those  using  grease  cups,  which  were  too  easily  lost, 
lind  besides,  the  grease  passages  were  found  to  fill  with 
mud.  It  would  seem  that  this  is  a  feature  which  all 
motor  truck  makers  should  incorporate  in  their  chassis 
construction,  since  the  author's  experience  would  indi- 
cate that  it  is  entirely  practical  in  industrial  as  well  as 
military  applications. 
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TRACTOR  MEETING 


A  highly  interesting  and  well-attended  meeting  was 
held  on  Feb.  27  at  Kansas  City.  The  afternoon  session 
was  devoted  to  consideration  of  four  technical  papers 
dealing  with  the  tractor  industry  from  the  testing,  fuel 
and  design  viewpoints. 

The  first  paper,  which  was  on  Tractor  Testing,  by 
Prof.  J.  B.  Davidson  of  the  California  State  Agricultu- 
ral College,  outlined  the  different  field  tests  which  it  is 
desirable  to  make  on  tractors  intended  for  farm  use. 
Particular  emphasis  was  laid  upon  the  drawbar  horse- 
power and  the  necessity  for  accuracy  and  a  clear  record 
of  the  data  obtained.  If  the  actual  horsepower  that  a 
tractor  is  capable  of  delivering  could  be  determined  ac- 
curately and  conveniently  it  would  not  be  necessary.  Pro- 
fessor Davidson  explained,  to  provide  for  such  a  large 
reserve  of  power,  and  there  would  also  be  less  overloading. 
In  this  connection  he  pointed  out  that  it  is  not  practicable 
to  eliminate  the  horsepower  rating  and  instead  to  express 
the  capacity  of  tractors  by  the  number  of  plows  they  will 
puU,  because  of  variations  in  the  size  of  the  plow  bottoms 
and  fluctuations  in  the  amount  of  power  required  to  pull 
a  bottom  in  different  soils.  The  importance  of  a  standard 
rating  to  the  tractor  industry  was  brought  out  in  the 
discussion  of  the  paper,  and  also  the  fact  that  the  Na- 
tional Implement  and  Vehicle  Association  has  been  con- 
sidering the  subject  of  tractor  ratings. 

The  second  paper,  by  Dr.  Joseph  E.  Pogue  of  the 
U.  S.  Fuel  Administration,  covered  practically  the  same 
ground  as  the  paper  which  he  presented  at  the  Annual 
Meeting  of  the  Society  in  February.  Dr.  Pogue  paid 
particular  attention  to  the  subject  from  the  standpoint 
of  the  tractor  manufacturer,  and  suggested  the  advis- 
ability of  designing  all  types  of  automotive  apparatus  to 
use  the  same  kind  of  fuel,  which  from  the  present  outlook 
would  of  necessity  be  heavier  than  those  now  in  use. 

The  last  paper  of  the  afternoon,  which  was  presented 
by  Prof.  E.  A.  White  of  the  University  of  Illinois,  was 
entitled  The  Next  Step  in  Agricultural  Implement  De- 
sign. In  this  paper,  tribute  was  paid  to  the  men  who 
invented  the  principal  types  of  agricultural  machinery 
now  in  use.  While  for  the  most  part  they  wer6  not  tech- 
nically educated,  th^  possessed  genius,  enterprise  and 
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courage,  and  most  of  their  work  which  was  successful 
was  done  on  a  cut-and-try  basis.  For  that  reason  their 
successors  continued  to  follow  in  their  footsteps  and  work 
by  empirical  methods. 

Following  the  afternoon  meeting  a  dinner  was  held 
at  the  Hotel  Baltimore,  at  which  Finley  P.  Mount  acted 
as  toastmaster.  Among  the  other  speakers  were  Dr. 
Pogue,  who  again  advocated  the  use  of  a  single  stand- 
ardized fuel  for  all  types  of  automotive  apparatus,  thus 
utilizing  the  entire  range  of  petroleum  products  that 
will  bum  successfully  in  all  types  of  internal-combustion 
engines.  He  pointed  out  that  this  would  mean  cheaper 
and  easier  merchandising,  as  well  as  the  securing  of 
greater  fuel  value  per  gallon  of  crude  petroleum.  In 
addition  he  favored  a  further  splitting  up  of  kerosene 
with  a  view  to  reducing  the  quantity  of  that  fuel  and 
increasing  the  production  of  gasoline. 

J.  6.  Bartholomew,  the  second  speaker,  stated  that  the 
division  between  motor  and  horse  equipment  is  becoming 
more  thoroughly  defined  each  day,  and  that  there  will  be 
eventually  only  two  kinds  of  dealers:  one  selling  trac- 
tors, and  all  the  farm  machinery  to  be  used  with  them, 
and  the  other  handling  only  horse-drawn  machinery 
equipment. 

David  Beecrof t  gave  an  illustrated  talk  on  his  trip 
over  the  devastated  areas  of  France  and  Belgium.  E.  A. 
Johnston  also  jspoke. 


ADDRESSES  AT  KANSAS  CITY 
TRACTOR  DINNER 

Following  the  afternoon  session  of  the  Tractor  Meet- 
ing at  Kansas  City  on  Feb.  27,  a  dinner  was  held  at  the 
Hotel  Baltimore  which  was  attended  by  270  members 
and  their  guests.  Finley  P.  Mount  acted  as  toastmaster. 
The  other  speakers  of  the  evening  were  Edward  A.  John- 
ston, Joseph  E.  Pogue,  J.  B.  Bartholomew  and  David 
Beecroft. 

ADDRESS  OF  FINLEY  P  MOUNT 

It  would  seem  that  among  the  many  problems  which 
a  tractor  designer  should  keep  in  mind  the  first  is 
the  use  to  which  his  product  is  to  be  applied.    If  you 
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are  about  to  design  a  tractor  I  respectfully  suggest  that 
the  first  question  you  should  ask  be:  What  is  it  ex- 
pected to  do;  what  kind  of  work  is  it  to  perform  and 
what  economies  can  be  secured  by  the  performance  of 
that  work  with  a  power  machine?  The  work  of  a  tractor 
has  become  synonymous  with  farm  work  and,  since  the 
farm  tractor  is  to  be  bought  and  used  by  the  farmer,  we 
should  first  know  just  what  this  work  is,  we  must  take 
a  look  over  the  entire  farm  for  a  year,  and  analyze  and 
classify  the  work  that  can  be  done  by  mechanical  power. 
We  must  also  broaden  our  views  geographically  to  cover 
the  whole  field  of  farming  and  include  not  only  the  one- 
purpose  farm  as  found  in  the  vast  small-grain  areas  of 
the  West,  but  the  general-purpose  farm  with  its  diver- 
sity of  crops  and  consequent  diversity  of  work. 

To  my  mind  farm  work  divides  itself,  from  the  stand- 
point of  a  farm  tractor,  into  three  classes : 

(1)  Heavy-duty  work,  such  as  breaking  ground,  pre- 
paring the  seed  bed,  drawing  heavy  loads,  operating 
the  haying  and  harvesting  machinery  in  large  or 
multiple  units,  pulling  a  grain  separator,  and  the 
like 

(2)  Light-duty  work,  such  as  cultivating  row  crops, 
operating  haying  tools  and  harvesting  machinery 
in  single  units,  and  doing  all  the  light  jobs  on  a 
farm  ordinarily  performed  by  from  one  to  three 
horses 

(3)  Transportation  over  improved  roads  between  the 
farm  and  the  market  of  supplies  to  and  products 
from  the  farm 

In  my  judgment  an  all-purpose  farm  tractor,  one  to 
do  well  all  the  work  on  a  farm,  is  a  fundamental  impos- 
sibility. It  may  be  admitted  in  the  outset  that  all  of 
these  farm  jobs  might  be  shot  at  by  one  type  of  tractor, 
but  this  cannot  be  done  economically.  The  motorized 
farm  will  become  a  reality  only  when  tractor  engineers 
and  manufacturers  realize  that  it  is  not  only  worth  while 
but  an  economic  necessity  to  provide  the  farmer  with 
a  power  unit  for  each  class  of  work.  One  does  not  at- 
tempt to  haul  logs  in  a  buggy,  or  drive  to  church  on 
Sunday  in  a  log  wagon.  The  first  is  wholly  impracticable 
and  both  would  be  uneconomical.  Railroading  is  a  big 
business,  but  not  as  big  as  farming;  its  problems  of 
power  are  less  intricate  than  the  problems  of  power  farm- 
ing; yet  it  was  not  long  before  the  pioneer  railroads  dis- 
carded the  all-purpose  locomotive,  classified  the  work  and 
built  their  power  units  accordingly. 
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Breaking  ground  and  belt  operations  are  the  heaviest 
parts  of  farm  work.  To  do  this  work  successfully  and 
economically  the  tractor  must  have  excess  power  in  its 
engine  to  meet  readily  and  without  strain  the  highest 
peaks  of  requirement  in  the  way  of  heavy  gumbo  soils, 
hard  dry-packed  soil  conditions,  and  varying  grades  of 
work. 

The  machine  must  be  built  to  operate  with  perfect 
ease  all  the  belt-driven  machinery  which  any  farmer 
may  have  occasion  to  use. 

Too  much  cannot  be  said  in  favor  of  excess  or  reserve 
power  in  a  farm  tractor.  The  farmer  has  shown  a  natural 
tendency  to  overload  his  tractor.  I  believe  that  more  trou- 
bles have  arisen  in  the  field  on  this  account  than  from 
aiiy  other  reason.  Having  started  with  such  an  engine, 
the  transmission,  frame,  wheels  and  all  supporting  parts 
of  the  tractor  proper,  must  be  of  such  proportions  that 
the  engine  will  not  tear  them  down  under  strain.  Trac- 
tor engineers  and  designers  should  always  bear  in  mind 
that  thene  is  no  such  thing  as  a  constant  load  factor  in 
breaking  ground.  The  strains  and  added  loads  in  plowing 
come  suddenly,  intermittently  and  everlastingly,  and  are 
superimposed  on  the  ordinary  load  due  to  the  draft  of 
the  plows  pulled  on  level  ground,  in  ordinary  soil,  at  ordi- 
nary depths.  It  is  the  difference  between  a  steady  pull 
and  a  succession  of  jerks  or  blows.  One  may,  of  course, 
have  whole  areas  or  whole  seasons  when  the  load  factor 
in  plowing  is  practically  constant  and  steady,  but  these 
areas  and  seasons  go  without  rule  and  are  likely  to 
change  during  one  month,  in  the  same  township,  on  the 
same  farm.  The  designer  who  would  succeed  must  meet 
the  hardest  rather  than  the  easiest  conditions.  Finally, 
the  whole  machine  must  be  heavy  enough  to  give  required 
traction.  Lugs  or  grouters  alone  will  not  give  it.  Light- 
ness is  not  the  sole  desideratum.  When  an  engine  will 
spin  the  well-groutered  wheels  of  the  tractor  on  which 
it  is  mounted,  that  tractor  is  as  light  as  it  ought  to  be. 

Having  produced  the  tractor  that  will  do  the  work 
intended  efficiently,  there  remains  the  big  factor  of  econ- 
omy. This  does  not  mean  fuel  economy  alone,  but  in- 
cludes as  well  the  answer  to  the  questions :  How  long  will 
the  tractor  stand  up?  How  many  seasons  is  it  good  for? 
How  many  plow-miles  will  it  produce?  On  these  points 
our  knowledge  is  largely  empirical. 

There  are  certain  elements  which  I  believe  are  essen- 
tial in  a  tractor  for  this  class  of  work.    These  are  slow 
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speed  heavy-duty  engines,  two-cylinder  type  preferred; 
the  fuel  combination  of  oil,  air  and  water  so  automat- 
ically controlled  as  to  meet  instantly  each  new  condition 
of  load ;  a  spur-gear  transmission  mounted  on  the  tractor 
frame,  and  wheels  sufficiently  strong  and  rugged  to  take 
all  the  strain  put  upon  them  by  the  engine  without  undue 
wear  or  breakage.  The  question  of  fuel  economy  is  of 
course  an  important  one.  Tractors  can  be  made  which 
produce  as  much  power  on  a  gallon  of  kerosene  ad  on  a 
gallon  of  gasoline.  Such  tractors  have  been  built  and 
have  been  doing  this  for  years,  and  since  the  cost  of 
kerosene  is  ordinarily  not  over  one-half  the  cost  of  gaso- 
line, it  is  obvious  that  kerosene  is  the  logical  fuel  for  a 
farm  tractor.  A  fuel  cost  of  45  cents  per  acre  plowed 
is  no  uncommon  performance.  On  this  basis  the  plow- 
ing of  300  acres  per  year  would  amount  to  a  saving  of 
$135,  and  in  a  life  of  10  yr.  the  saving  would  equal  the 
entire  cost  of  many  tractors  capable  of  doing  this  amount 
of  work. 

Our  own  experience  has  proved  to  us  that  this  type 
of  engine  and  tractor  is  economical  in  both  fuel  consump- 
tion and  length  of  service.  Admittedly  this  type  of  en- 
gine costs  more  to  manufacture  than  a  multiple-cylinder, 
high-speed  engine  of  equal  horsepower. 

If  tractor  engineers,  therefore,  can  design  and  build 
a  farm  tractor  for  heavy-duty  work  along  the  lines  of 
the  automobile  type  of  construction  and  design,  one  which 
will  in  fact  stand  up,  take  the  rough  and  tumble  knocks 
and  fights  it  will  be  subjected  to,  under  all  conditions  of 
soil,  seasons  and  service,  and  show  actual  length  of  life 
under  these  conditions  and  reasonable  fuel  economy,  they 
will  be  conferring  a  real  benefit  on  the  industry  as  a 
whole.  Scientific  designing  may  produce  such  a  tractor, 
but  science  can  never  be  certain  nor  can  it  prove  in 
advance  of  actual  tests  and  length  of  service,  that  such 
a  type  of  machine  will  be  efficient  and  economical. 

You  can  calculate  to  a  nicety  the  strength  of  materials 
required  for  a  railroad  bridge;  you  can  build  a  locomo- 
tive with  a  narrow  margin  of  safety,  you  can  design  an 
automobile,  and  even  build  an  airplane  with  correct  pro- 
vision for  results,  because  you  are  dealing  with  factors 
known  and  reasonably  within  your  control;  but  when 
you  begin  on  a  tool  to  dig  into  mother  earth,  you  open 
up  a  field  that  is  diflkult  of  advance  conjecture. 

The  second  class  of  farm  work  which  can  be  econom- 
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ically  performed  with  mechanical  power  is  a  much  sim- 
pler proposition.  Here  the  light  work  of  pulling  a 
planter,  a  row  crop  cultivator,  a  single  unit  of  haying 
or  harvesting  tools  and  the  like,  requires  neither  as  much 
power  in  the  engine  nor  as  much  strength  or  weight  in 
the  tractor  as  a  whole.  This  type  of  machine  could  be 
designed  to  operate  from  the  driver's  seat  on  the  tool 
drawn.  The  tractor  must  be  light  in  weight  and  have 
high  clearance  because  of  its  use  in  cultivating  com. 
Here  because  of  the  small  amount  of  power  required,  fuel 
economy  itself  is  of  less  consequence.  Undoubtedly  a 
lighter  and  higher-speed  engine  can  be  economically  used 
on  this  type  of  machine.  Because  of  the  speeds  which 
may  be  required  of  this  tractor,  and  its  general  lightness 
in  weight,  spring  mounting  would  not  be  out  of  order. 
Of  course,  when  you  leave  the  com  and  cotton  country 
and  try  to  meet  the  requirements  of  the  orchard,  you 
must  be  prepared  for  further  modifications  in  tjrpe. 

The  third  and  last  job  on  the  farm  for  mechanical 
power  is  transportation  over  roads.  Here  many  new 
factors  arise  and  the  economy  due  to  speed  alone  be- 
comes more  important  than  in  either  of  the  other  types. 
Moreover,  the  character  of  the  roads  is  perhaps  the  great- 
est determining  factor.  The  tractor  which  operates  on 
the  farm  in  doing  the  plowing  and  cultivating  jobs  must 
be  geared  at  a  speed  too  low  to  afford  economy  as  a  trans- 
portation medium.  If  you  add  a  high-speed  gear  to  it 
to  economize  in  time,  you  shorten  the  life  of  the  machine. 
If  the  attempt  be  made  to  make  up  for  lack  of  speed  by 
increasing  the  load  hauled,  the  necessary  cleat  or  grouter 
equipment  on  the  wheels  of  the  traptor  will  be  destructive 
to  the  roads,  and  will  prevent  the  general  use  of  farm 
tractors  on  good  roads  for  such  purposes.  I  do  not  be- 
lieve the  heavy-duty  plowing  tractor  or  the  light-duty 
cultivating  tractor  will  ever  take  the  place  of  a  light 
truck  for  road  transportation.  This  type  of  machine  is 
now  pretty  well  standardized  and  needs  no  comment  from 
a  tractor  manufacturer. 

To  the  objection  that  this  method  of  supplying  power 
for  the  farm  would  require  an  investment  in  three  differ- 
ent power  units,  my  reply  is  that  they  will  entirely  sup- 
plant the  horse  on  the  farm.  Their  initial  cost,  though 
somewhat  in  excess  of  the  initial  cost  of  the  horses  they 
replace,  will  be  more  than  offset  by  the  saving  in  tractor 
fuel  over  animal  fodder,  and  the  life  of  the  tractor  should 


Digitized  by 


Google 


496  THE    SOCIETY    OF    AUTOMOTIVE    ENGINEERS 

be  as  great  or  even  greater  than  that  of  the  horse,  while 
the  saving  in  man-pov^er  effected,  and  the  increase  in 
crop  production  made  available  by  the  use  of  the  trac- 
tor, remain  to  the  operator  or  owner  as  clear  profit. 

There  are  several  potent  reasons  why  the  farmer  should 
use  machine  power.  First,  of  course,  is  the  shortage  of 
help,  which  promises  to  become  worse  rather  than  bet- 
ter; second,  land  is  becoming  so  valuable  and  will  soon 
carry  such  high  taxes  that  no  man  can  afford  to  own  it 
unless  he  farms  it  most  intensively  to  get  the  greatest 
yield  possible ;  he  can  no  longer  afford  to  devote  a  mate- 
rial part  of  his  acreage  to  raising  roughage  and  grain 
for  horses.  Finally,  the  food  complication  is  not  over; 
in  fact,  it  has  hardly  begun.  It  will  take  years  to  get 
the  food  supply  of  the  world  back  into  balance,  as  in 
pre-war  times,  and  by  the  time  the  effect  of  this  war's 
destruction  is  ended,  the  added  population  of  the  world, 
increasing  in  greater  ratio  than  food  production,  will 
create  a  demand  that  will  require  the  American  farmer 
to  do  his  utmost  for  many  years  to  come. 

One  other  factor,  it  seems  to  me,  is  well  worth  the 
attention  of  the  tractor  designer,  because  it  so  directly 
affects  both  the  manufacturer  and  the  farmer,  and  that 
is  the  cost  of  the  machine.  Much  can  undoubtedly  be 
done  to  improve  the  design  of  the  tractor  from  a  manu- 
facturing point  of  view,  and  the  methods  of  manufacture 
themselves,  to  lower  greatly  the  cost  of  the  machine  with- 
out in  the  least  detracting  from  its  eflSciency,  economy  or 
life.  However,  no  tractor  should  be  designed  with  a 
view  to  cost  alone.  Experience  thus  far  has  confirmed  us 
in  the  belief  that  a  cheap  tractor  is  the  dearest  in  the 
long  run. 

Upon  these  broad  lines  of  development  we  can  surely 
all  lay  aside  our  personal  feelings  and  cooperate  f iflly  to 
the  end  that  the  farm  tractor  shall  soon  reach  a  reason- 
able stage  of  perfection  and  power  farming  take  its  right- 
ful place  in  the  business  world  alongside  the  other  great 
human  enterprises. 

ADDRESS  OF  EDWARD  A  JOHNSTON 

Most  of  US  here  are  seriously  interested  in  design- 
ing, manufacturing  and  selling  tractors  which  will 
be  satisfactory  for  the  use  for  which  they  are  intended. 
Our  success,   in   my   judgment,    ill  be  equal  only  to 
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our  ability  to  make  them  reliable,  durable  and  efficient. 

The  tractor  must  be  reliable.  The  period  during  which 
the  farmer  does  his  plowing,  planting,  harvesting  and 
other  work  connected  with  the  crops  is  limited;  conse- 
quently his  powerplant  must  be  reliable  in  the  average 
operator's  hands,  and  operate  under  any  and  all  condi- 
tions. 

The  tractor  must  be  durable.  It  must  stand  up  well 
under  the  heavy  duty  of  plowing,  harrowing  and  har- 
vesting without  too  frequent  delays  for  repairs,  adjust- 
ments, etc.,  as  these  result  in  high  operating  costs. 

The  tractor  must  be  efficient.  The  farmer  who  buys 
a  tractor  is  not  interested  in  the  sort  of  efficiency  that 
will  save  him  $1  in  fuel  and  cost  him  many  times  that 
amount  in  delay,  maintenance,  etc.  Farming  is  a  busi- 
ness like  any  other  business.  The  farmer  works  for 
profit,  and  he  will  use  the  tractor  only  when  he  finds 
it  is  profitable  to  do  so.  He  is  not  particularly  inter- 
ested in  the  number  of  its  wheels.  He  does  not  care 
whether  it  has  two  or  four  cylinders,  a  horizontal  or  a 
vertical  engine.  He  is  interested  only  in  getting  a  trac- 
tor with  which  he  can  carry  on  his  farming  operations 
and  get  results. 

We  must  of  course  have  standards  as  far  as  is  prac- 
ticable, but  this  need  not  be  overdone.  Standard  belt 
speeds,  drawbar  ratings,  tractor  speeds,  etc.,  will  be  use- 
ful, and  in  addition  to  these  there  are  many  automobile 
and  truck  standards  applicable  to  the  tractor  which  will 
result  in  enormous  saving  to  both  the  farmer  and  the 
manufacturer. 

We  all  have  our  pet  theories  and  personal  interests,  but 
at  the  same  time  we  are  all  interested  in  the  successful 
development  of  the  tractor.  Any  machine  placed  on  the 
market  and  sold  that  does  not  prove  satisfactory  is  a 
detriment  to  the  tractor  business  as  a  whole.  It  is  to  our 
common  interest  to  cooperate  unselfishly  to  the  fullest 
possible  extent  in  producing  tractors  that  will  be  satis- 
factory to  their  purchasers.  There  is  much  to  be  done 
to  improve  ignition,  carburetion,  lubrication,  etc.  Let 
us  put  forth  our  best  efforts  to  design  and  manufacture 
tractors  that  are  reliable,  durable  and  efficient. 

ADDRESS  OF  JOSEPH  E  POGUE 

Mechanical  tillage  constitutes  a  third  of  the  food 
problem,  but    an     important    third.     The    horse    and 
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the  mule  are  destined  to  pass  in  large  measure.  They 
represent  an  internal-combustion  engine  consuming  high- 
priced  fuel  useful  otherwise  as  food,  running  24  hr.  per 
day  whether  used  or  not,  and  low  geared,  with  a  capac- 
ity at  best  only  3  to  4  miles  per  hr.  In  place  of  the  horse 
and  the  mule  comes  the  tractor.  The  tractor  for  farm  use 
is  a  recent  development  and  the  growth  in  its  utilization 
during  the  past  few  years,  especially  in  the  Middle  West, 
has  been  great. 

Coming  into  play  at  a  time  when  the  national  food  prob- 
lem has  taken  on  a  world-wide  aspect,  the  tractor  as- 
sumes the  utmost  present  importance,  while  the  future 
balls  for  an  extension  in  its  use  such  as  can  be  expected 
to  largely  relegate  to  the  past  the  old-fashioned  methods 
of  hand-power  and  horse-power  tillage.  Indeed,  upon 
the  growing  use  of  mechanical  power  upon  the  farm  by 
means  of  the  tractor,  the  motor  truck,  the  stationary  en- 
gine and  the  automobile — all  dependent  upon  a  cheap 
and  adequate  supply  of  engine  fuel — the  food  supply  of 
the  future  turns. 

Farm  work  must  be  made  more  agreeable  and  more 
efficient  if  an  increasing  population  is  to  be  fed.  Fertil- 
izers and  tractors  under  organized  cooperative  effort  spell 
the  solution  to  the  food  problem.  The  adequate  devel- 
opment of  tractors  would  appear  to  depend  primarily 
upon  two  factors ;  the  growth  of  cooperative  farming  and 
the  cost  of  tractor  fuel.  If  fuel  prices  rise  unduly,  the 
cost  of  tractor  operation  will  limit  the  possibilities  of 
tractor  utilization. 

Tractor  design  is  still  in  its  formative  period.  Its 
engine  and  its  carburetion  system  are  still  in  flux.  The 
tractor  can  select  its  own  fuel.  It  is  vitally  important 
that  tractor  evolution  should  follow  the  path  leading  to 
maximum  fuel  economy.  Now  is  the  time  to  determine 
this  matter.  Shall  it  be  gasoline  or  kerosene  or  a  mixture 
of  the  two?  Distillate  or  alcohol?  Shall  it  be  a  gasoline 
engine  or  a  Diesel  engine,  or  else  an  intermediate  type? 
I  cannot  answer  these  questions  at  the  present  moment, 
but  I  believe  that  they  will  be  answered  after  further 
study  is  given  to  this  issue.  It  can  be  said,  without  undue 
exaggeration,  that  the  whole  tractor  future  hangs  upon 
a  happy  selection  of  fuel  by  the  tractor  industry.  It  would 
appear,  however,  that  tractors,  along  with  automobiles 
and  motor  trucks,  must  work  in  the  direction  of  using  a 
less  specialized  fuel  than  at  present,  gasoline  or  kerosene, 
and  at  the  same  time  develop  a  greater  degree  of  fuel 
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economy  than  at  present.  If  the  automotive  apparatus 
can  adapt  itself  to  this  end,  it  will  mean  that  the  fuel  of 
the  future  will  be  provided  at  a  lower  production  cost, 
which  means  a  lower  price,  than  if  the  automotive  appa- 
ratus holds  out  for  its  present  low  standards  of  fuel 
economy  and  highly  specialized  requirements  as  to  fuel. 

There  are  two  problems  which  stand  out  in  this  con- 
nection, or  rather  two  conditions  which  create  these  prob- 
lems. In  the  first  place,  it  is  much  easier  to  standardize 
the  automotive  apparatus  than  it  is  to  standardize  fuel. 
This  means  that  if  the  automotive  apparatus  is  rigidly 
standardized,  as  it  must  be,  fuel  will  periodically  tend  to 
get  out  of  adjustment  with  the  apparatus.  That  is  to  be 
expected.  In  the  second  place,  the  automotive  industry 
is  growing  more  rapidly  than  means  in  sight  are  de- 
veloping for  providing  engine  fuel.  This  leads  to  the 
presumption  that  a  shortage,  or  let  me  say  an  engine- 
fuel  stress,  may  ultimately  be  expected,  reflected  in  a 
rapid  rise  in  fuel  price.  Both  of  these  problems  can  be 
solved;  but  not  without  the  active  participation  of  the 
automotive  industry,  which  includes,  of  course,  the  three 
major  branches  of  automobiles,  motor  trucks  and  tractors. 

In  conclusion,  then,  an  analysis  of  the  fuel  situation 
seems  to  show  that  in  the  future  an  engine  fuel  at 
favorable  prices  will  be  forthcoming*  if  the  automotive 
industry  works  toward  greater  thermal  efficiency  and 
shapes  its  development  so  as  to  handle  a  less  specialized 
fuel  than  it  is  handling  now. 


ADDRESS  OF  J  B  BARTHOLOMEW 

The  situation  as  I  see  it  from  the  business  side  is 
like  this.  There  will  be  no  going  back.  I  have  heard 
a  good  many  people  use  the  phrase  "When  we  get  back  to 
normal  conditions."  I  think  there  are  many  who  have 
thought  we  would  drop  back  very  suddenly  in  the  year 
1919  to  normal  conditions  or  at  least  to  conditions  as  they 
were  before  the  beginning  of  the  war.  We  are  now  ap- 
proaching the  opening  of  the  season.  The  rush  is  soon 
to  be  on,  but  I  do  not  believe  you  are  going  to  have 
what  is  referred  to  as  "normal  conditions"  for  a  good 
while.  The  dealer  and  the  farmer  who  are  waiting  for 
that  will  be  disappointed.  The  farmer  will  wait  until 
he  is  ready  to  use  his  tractor  and  then  may  not  get  it. 
The  dealer  who  is  holding  off  is  losing  his  opportunity. 
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This  has  been  my  belief  for  some  time  past;  but  if  I  am 
mistaken,  if  we  do  revert  to  something  like  past  condi- 
tions, there  is  no  reason  why  we  should  hold  back  now. 
Things  should  go  ahead.  We  may  have  to  go  through  a 
few  seasons  with  rather  narrow  margins,  but  we  shall 
not  be  any  better  off  by  simply  sitting  idle  and  doing 
nothing. 

Much  has  been  said  about  who  is  to  be  the  ultimate 
dealer  to  handle  tractors.  This  is  no  time  to  argue  over 
the  question  whether  the  tractor  trade  belongs  to  the 
automobile  dealer  or  the  old-line  machinery  dealer.  No 
matter  where  the  tractor  dealer  comes  from,  what  enter- 
prise he  may  leave  for  this  field,  whether  he  has  ever 
had  any  business  experience  before,  I  believe  it  will  not 
be  more  than  5  yr.  before  the  selling  of  agricultural  im- 
plements will  be  divided  into  two  very  distinct  sections, 
one  under  control  of  the  hardware  or  horse-drawn  imple- 
ment dealers  and  the  other  under  the  tractor  and  tractor- 
drawn  implement  dealers.  Occasionally  one  dealer  may  be 
big  enough  to  cover  both  fields,  but  he  will  separate  the 
two  lines  very  sharply  while  managing  both. 

The  tractor  and  tractor-drawn  implement  industry  is 
going  to  be  very  interesting.  It  will  undoubtedly  be  very 
fast,  and  will  require  special  organization,  new  methods 
and  training  for  a  large  amount  of  work  in  the  fields. 
The  old  lines  of  horse-drawn  implements  and  hardware 
will  be  carried  on  more  or  less  as  they  have  been,  with 
perhaps  a  little  canvassing  in  the  country,  but  the  bulk 
of  the  business  will  be  done  at  the  store. 


ADDRESS  OF  DAVID  BEECROFT 

Fifteen  of  us  were  invited  to  the  other  side  as  guests 
of  the  British  and  French  governments  to  reestablish 
relationships  in  the  business  world.  During  the  period 
of  the  war  the  censorship  and  the  restrictions  due  to  the 
war  had  built  up  barriers. 

We  went  through  the  great  area  of  Chateau  Thierry 
and  to  Rheims  and  Soissons.  In  the  city  of  Rheims  we 
got  a  vivid  idea  of  what  the  Germans  had  done.  They  had 
been  on  the  outskirts  of  the  place  since  1914.  It  had 
been  a  beautiful  city  of  homes  set  on  a  great  plain  in  the 
midst  of  vineyards,  the  houses  set  back  in  green  yards 
with  ornamental  fences  and  great  posts  along  the  front. 
The  posts  are  gone,  the  homes  are  destroyed.    Into  the 
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great  cathedral  the  Germans  are  said  to  have  dropped  a 
shell  every  day.  The  French  say  the  Huns  used  it  as  a 
target  for  their  artillerymen.  We  were  glad  to  find  that 
the  pillars  stand  uninjured.  There  are  great  holes  in  the 
roof,  the  exterior  is  all  destroyed,  but  the  great  struc- 
ture still  stands. 

The  wine  cellars  at  Rheims  are  now  one  great  under- 
ground system  and  at  one  time  there  were  60,000  soldiers 
in  them.  They  stretched  barbed  wire  across  the  pas- 
sages and  entrances;  the  machine  guns  were  still  in 
position  on  their  mounts  and  the  beds  of  the  soldiers  still 
in  place.  Then  we  realized  how  it  was  that  the  Germans, 
although  they  got  to  the  very  outskirts  of  the  city,  were 
never  able  to  reach  its  center.  They  say  that  if  Rheims 
had  ever  been  taken,  the  final  fight  would  have  been  in 
those  great  caves  so  far  under  ground. 

Verdun  is  the  inmiortal  battle  ground  of  Europe.  The 
French  are  glad  to  tell  how  it  has  been  a  great  citadel 
since  the  days  of  the  Romans ;  how  it  is  one  of  the  great 
bastions  that  protect  the  front.  In  this  citadel  they  kept 
60,000  troops,  and  baked  all  the  bread  for  the  men  out 
in  the  trenches.  They  could  take  the  provisions  and 
men  out  to  the  trenches  and  bring  back  the  wounded  and 
the  ones  on  relief  protected  from  shell  fire. 

We  went  from  there  out  under  the  hills  into  Fort 
Deulemont  and  Fort  Vaux.  The  latter  is  on  the  edge  of 
the  hills,  and,  as  you  will  remember,  held  out  wonderfully 
in  the  fight  of  1916.  The  great  drive  on  Verdun  started 
on  Feb.  21  and  the  Grermans  took  Fort  Deulemont  in  a 
few  days,  but  Fort  Vaux,  which  is  not  over  a  mile  away, 
they  did  not  get  until  about  June  23.  That  tells  the 
story  of  the  500,000  Hun  and  the  innumerable  French 
dead.  When  we  got  into  this  fort  we  found  hills  again, 
and  in  these  were  great  ramifications  of  arcades.  We 
saw  the  guns  60  ft.  below  the  surface,  and  up  on  top  of 
these  great  craters,  one  40  ft.  deep,  but  still  the  masonry 
underneath  had  not  been  reached  and  was  uninjured. 
They  say  that  Fort  Vaux  would  never  have  surrendered 
had  provisions  not  run  out. 

Then  we  went  to  the  city  of  Arras  where  the  British 
made  the  wonderful  fight  against  the  Germans.  Here 
they  tell  another  story  of  how  they  used  the  under- 
ground system.  Arras  is  built  on  a  white  chalk  hill,  and 
the  buildings  are  made  from  stone  excavated  from  be- 
neath the  city.  The  result  is  that  under  the  entire  city 
are  cellars  which  had  never  been  used.    In  the  early  days 
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of  the  war  the  British  moved  all  their  soldiers  into  those 
places,  and,  breaking  down  the  walls  between  one  build- 
ing and  another,  connected  and  fitted  them  up.  When 
the  Germans  got  to  the  market  place  in  the  center  of  the 
city,  20,000  British  troops  were  but  a  few  yards  away 
from  them  and  were  able  to  drive  them  out.  While  the 
place  was  not  entirely  destroyed,  not  a  soul  is  living  in 
the  houses  now. 

Our  hosts  were  anxious  that  we  should  see  some  ex- 
amples of  Hun  warfare.  One  city,  Douai,  was  never 
bombarded;  it  passed  into  the  hands  of  the  Germans  in 
1914,  and  they  held  it  until  September,  1918,  living  there 
with  the  citizens.  In  September  an  order  came  for  the 
civil  population  to  move  out.  Two  weeks  later  the  Ger- 
mans had  to  move  out.  I  will  give  you  one  example  of 
what  was  to  be  seen  all  over  the  city.  We  went  into  one 
home,  the  home  of  a  doctor.  It  was  a  typical  fine  home 
of  Douai.  This  doctor,  all  during  the  period  from  1914 
up  to  September,  1918,  had  been  in  charge  of  Red  Cross 
work  under  the  instruction?  of  the  Grermans.  We  saw  on 
the  door  the  Red  Cross  insignia  and  the  official  orders. 
He  had  lived  there  with  his  wife  and  children,  and  the 
head  of  the  German  Red  Cross  had  lived  with  them. 
When  this  doctor  came  back  to  his  home,  this  is  what 
he  found.  In  that  beautiful  house  everything  was  de- 
stroyed. It  was  a  five-story  building  with  front  and 
rear  parlors.  ■  Every  picture,  and  he  had  many  fine  ones, 
was  cut  out  of  its  frame.  The  frames  were  thrown 
over  into  a  comer.  In  the  parlor  he  had  a  beautiful 
carved  table;  an  axe  had  split  the  top  in  several  places. 
There  was  not  a  piece  of  furniture  left  whole.  The  backs 
or  legs  of  chairs  were  broken;  the  buffet  in  the  dining 
room  with  heavily  carved  doors  had  both  the  doors  split. 
The  fine  carved  mantlepiece  was  marred  as  if  struck  by 
an  axe.  We  went  up  to  the  bedrooms  and  found  the 
bedclothing  all  gone,  the  fabric  had  been  cut  off  the 
mattresses,  and  feathers  were  strewn  over  the  rooms  7 
or  8  in.  deep.  All  the  drawers  had  been  pulled  out  of  the 
dressers  and  upset  in  the  middle  of  the  room,  and  in  most 
cases  the  fronts  of  the  drawers  were  broken.  The  win- 
dow shades  were  gone,  and  we  could  see  how  the  draper- 
ies and  poles  had  been  pulled  down.  We  went  through 
every  room  in  that  home,  and  there  was  nothing  but 
desolation  and  destruction;  and  in  the  fifteen  or  twenty 
other  homes  that  we  saw  it  was  the  same.  In  a  little 
butcher  store  at  the  comer  of  the  canal  they  had  split 
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the  wooden  box  in  which  he  had  kept  his  meat;  also  the 
counters;  the  meat  block  in  the  center  was  upset  and  the 
legs  broken.  There  was  nothing  in  that  humble  shop  that 
was  not  destroyed. 

Some  of  you  no  doubt  remember  the  story  that  Private 
Peat  told  in  this  country  a  year  ago.  He  asked  a  Grer- 
man  oflScer  whom  he  had  taken  prisoner  why  they  had 
cut  down  the  trees,  maimed  the  children,  destroyed  the 
homes  and  everything  else  possible.  His  answer  was, 
"Oh,  that's  quite  natural.  When  we  retreat  over  an  area 
we  leave  nothing.  We  leave  no  tree  that  can  be  used  as 
an  observation  post,  or  a  shelter  or  other  point  of  van- 
tage. We  leave  no  house  that  will  shelter  anyone.  We 
leave  nothing." 

In  Lens  not  a  building  is  standing  where  there  had 
been  a  city  of  30,000  people.  On  either  side  of  the  road 
we  passed  every  half  mile  the  great  coal  mines.  There 
were  steel  structures  and  wrecked  buildings  all  along  the 
way,  and  although  the  homes  were  not  destroyed,  every 
door  had  been  taken  off  and  the  framework  of  the  win- 
dows taken  out. 

We  went  along  roads  where  there  were  machine-gun  lo- 
cations of  heavy  reinforced  concrete,  with  the  familiar 
little  loopholes  for  the  gun  every  20  or  30  ft.  Some  of 
the  churches  were  without  roofs,  but  all  the  pillars  were 
standing  in  perfect  shape.  Occasionally  one  is  used  as 
a  hospital. 

I  think  we  must  all  feel  that  although  the  armistice 
is  signed  and  peace  will  soon  be  made,  our  work  in  this 
war  is  not  ended. 
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TRACTOR  MEETING  PAPERS 

GAS  TRACTOR  TESTING 
By  J  B  Davidson^ 

THE  objects  to  be  obtained  in  testing  tractors  are 
listed,  but  field  testing  only  is  dealt  with.  Re- 
gardless of  the  attempt  of  the  Society  of  Automotive 
Engineers  to  standardize  the  practice  of  drawbar 
horsepower  rating  of  tractors,  the  practice  followed 
by  the  industry  is  anything  but  uniform.  Drawbar 
horsepower  actually  developed  in  tests  at  the  1918 
National  Power-Farming  Demonstration,  varied  from 
60  to  200  per  cent  of  the  rating.  The  need  of  more 
than  26  per  cent  reserve,  as  provided  by  S.  A.  E. 
Standard  Practice,  is  argued.  Drawbar  pull  is  sug- 
gested as  an  important  part  of  the  rating.  Rating  of 
tractors  by  the  number  of  plows  pulled  will  not  be 
satisfactory,  owing  to  wide  variation  in  soil  conditions. 
To  make  satisfactory  tests  an  accurate  dynamometer 
is  required.  The  Hyatt  and  Iowa  instruments  are 
described.  The  importance  of  care  in  making  tests  is 
emphasized.  In  the  discussion,  the  Gulley  and  Gid- 
dings  recording  dynamometers  are  described. 

In  the  testing  of  gas  tractors,  as  with  any  similar  un- 
dertaking, it  is  best  to  determine  clearly  in  advance  the 
object  to  be  attained.  As  analyzed,  tests  may  be  made 
for  several  distinct  purposes,  as  follows: 

(1)  To  determine  the  best  adjustment  of  certain 
working  parts,  such  as  ignition,  mechanism,  valve  tim- 
ing, etc. 

(2)  To  determine  the  distribution  of  the  total  heat 
obtained  from  the  combustion  of  the  fuel  to  useful 
work,  to  the  cooling  system,  to  radiation,  etc. 

(3)  To  determine  the  power  output,  first,  of  the 
engine  in  brake  horsepower,  and,  second,  of  the  trac- 
tor in  drawbar  horsepower 

(4)  To  determine  the  endurance  of  the  tractor 

This  paper  is  planned  to  deal  only  with  field  testing, 
or  the  determination  of  the  drawbar  horsepower,  the  lat- 
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ter  part  of  the  third  class  of  tests.  Inasmuch  as  tractors 
are  used  more  largely  for  traction  purposes  than  for  any 
other,  it  is  obvious  that  the  capacity  of  the  tractor  in 
drawbar  horsepower  is  one  of  much  importance.  It  is 
one  important  element  of  the  value  sold  and  purchased, 
and  any  test  or  procedure  which  will  determine  this  ele- 
ment with  accuracy  is  worthy  of  careful  consideration. 

Standard  Drawbar  Horsepower  Rating 

The  Society  of  Automotive  Engineers  has  decided  that 
as  a  matter  of  standard  practice  drawbar  horsepower 
rating  shall  be  based  upon  an  actual  test  extending  over 
2  hr.  on  a  firm  traction  surface.  It  is  very  clear  that 
the  present  practice  in  rating  followed  by  the  tractor 
industry  is  anything  but  uniform,  and  must  necessarily 


A  Recording  Dynamometbr  Attached  tq  thb  Drawbar  and  Ready 

FOR  Usa 

be  very  confusing  to  the  purchaser.  The  best  evidence 
of  this  is  furnished  by  the  tests  made  at  Salina  during 
the  1918  National  Power  Farming  Demonstration.  These 
have  not  been  made  public,  but  in  general  show  that 
for  the  forty-two  tractors  tested  the  drawbar  horsepower 
delivered  in  actual  tests  varied  from  50  to  200  per  cent 
of  their  rating.  Where  such  a  condition  exists  the  pur- 
chaser may  be  expected  to  be  skeptical  of  tractor  ratings 
in  general. 

The  manufacturers  of  high-class  tractors  may  be  ex- 
pected to  welcome  any  development  which  will  bring 
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about  uniformity  of  practice,  since  less  sales  effort  will 
be  needed  to  prove,  disprove,  and  argue.  To  those  who 
desire  to  overrate  their  product  it  is  obvious  that  tests  to 
prove  capacity  are  very  undesirable.  If  manufacturers 
are  not  able  to  bring  about  uniform  methods  of  rating 
capacity,  purchasers  will  sooner  or  later  ask  for  it. 

It  may  not  be  entirely  out  of  place  to  discuss  draw- 
bar horsepower  rating.  Uniformity  in  practice  is 
undoubtedly  the  most  important  consideration,  yet 
a  logical  and  practical  basis  for  rating  is  worthy 
of  careful  study.  This  rating  should  represent  a 
normal,  full  or  average  working  power  output  under 
normal  conditions.  The  25  per  cent  reserve  provided  by 
the  S.  A.  E.  standard  practice  is  not  sufficient  to  care 
for  the  variations  in  field  load,  due  to  changing  soil  con- 
ditions or  grades.  In  other  words,  it  is  seldom  possible 
to  give  a  tractor  a  load  which  vdll  enable  it  to  develop 
its  rated  drawbar  horsepower  continuously^  because  it 
does  not  have  sufficient  reserve  to  care  for  the  ordinary 
or  conunon  variations  in  load.  A  large  reserve  would 
be  desirable  for  two  different  reasons;  first,  there  would 
be  less  trouble  from  overloading,  one  of  the  most  fre- 
quent causes  of  trouble;  and  second,  the  purchaser 
would  not  need  to  discount  the  rating  in  comparing  a 
tractor  with  horse  labor.  In  other  words,  it  would  be 
better  either  not  to  have  any  reserve  or  to  have  a  suf- 
ficient amount  to  make  the  tractor  comparable  with  horse 
labor. 

With  an  increase  in  field  and  road  speeds  for  tractors, 
for  which  there  are  some  unanswerable  arguments  when 
conditions  are  favorable,  the  drawbar  pull  should  be  as 
much  a  part  of  the  rating  as  the  horsepower  rating,  for 
this  pull  determines  the  size  and  character  of  the  imple- 
ment drawn.  The  rated  drawbar  pull  should  be  deter- 
mined by  a  standard  test  and  made  a  part  of  the  tractor 
rating. 

The  proposal  to  do  away  with  horsepower  rating,  and 
rate  tractors  in  terms  of  the  number  of  plows  drawn, 
would  leave  us  with  the  most  haphazard  system  of  all, 
for  the  reason  that  plows  are  not  operated  at  a  uniform 
depth,  and  the  draft  of  a  given  size  of  plow,  plowing  at  a 
uniform  depth,  will  vary  200  per  cent  under  different  soil 
conditions. 

It  will  be  a  comparatively  easy  task  to  educate  the 
tractor  purchaser  to  understand  a  tractor  rating  system, 
provided  it  is  universally  adopted,  placed  on  a  logical 
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basis  and  faithfully  carried  out.  In  fact,  there  is  now 
evidence  of  a  demand  from  purchasers  for  such  pro- 
cedure. 

Tractor  Testing  Instruments 

In  making  a  drawbar  horsepower  test  there  are  two 
considerations  of  fundamental  importance — accuracy  and 
a  clear,  complete  record  of  the  conditions  involved.  The 
testing  of  tractors  is  too  important  a  matter  to  permit 
of  other  methods  than  those  which  will  give  extremely 
.accurate  and  reliable  data.  This  is  easier  said  tnan 
accomplished,  because  of  the  rapidly  varying  field  condi- 
tions. A  direct-reading  dynamometer  for  determining 
the  drawbar  pull  is  practically  worthless,  on  account  of 
the  wide  and  rapid  fluctuations  in  draft  due  largely  to 
the  load  but  in  part  to  the  tractor.  For  this  reason,  a 
recording  or  integrating  instrument  must  be  used. 

The  Hyatt  dynamometer  is  quite  generally  known  and 
represents  the  recording  type.  A  graphical  record  of  the 
drawbar  pull  is  obtained  on  a  circular  chart  driven  by  a 
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ground  wheel.  The  record  is  made  by  a  recording  pres- 
sure-gage unit  connected  by  a  flexible  tube  containing 
liquid  to  a  compression  unit  of  the  diaphragm  type 
receiving  the  full  drav^bar  pull.  Minutes  are  recorded 
automatically  on  the  record.  The  average  drawbar  pull  is 
obtained  by  going  over  the  record  with  a  planimeter  or 
other  instrument. 

The  Iowa  integrating  and  recording  dynamometer  re- 
ceives the  load  either  directly  or  through  multiplying 
levers  on  a  compression  spring.  The  recording  and  inte- 
grating mechanism  is  operated  by  a  thread  attached  to 
a  fixed  point  while  the  test  is  being  made.  The  test  is 
made  after  the  tractor  is  in  operation  and  conditions  be- 
come constant.  The  mechanism  measures  a  fixed  dis- 
tance automatically  and  with  great  accuracy.  A  graphi- 
cal record  of  the  drawbar  pull  is  recorded  on  a  strip  of 
paper  which  shows  the  variations  in  full  and  may  be 
averaged  by  a  planimeter.  The  instrument,  however, 
is  arranged  to  give  a  number  proportional  to  the  aver- 
age drawbar  pull  for  the  measured  run,  by  a  recording 
wheel  carried  across  the  face  of  a  friction  disk.  This 
average  when  the  instrument  is  properly  manipulated  is 
extremely  accurate.  The  instrument  is  especially  useful 
in  testing  the  draft  of  implements  and  was  diB^gned 
primarily  for  that  purpose.  Its  design  is  based  on 
the  theory  that  a  short  accurate  test,  with  all  conditions 
constant  and  known,  is  more  valuable  than  a  longer  one 
with  many  variations. 

The  argument  has  been  advanced  that  it  is  undesirable 
to  usfe  a  spring  to  receive  and  measure  the  drawbar  pull. 
Attention  is  called  to  the  fact  that  a  spring,  or  the  elastic- 
ity of  suitable  material,  is  the  only  practical  means  of 
measuring  the  force  acting  under  the  conditions,  and  it 
makes  little  difference  whether  it  is  used  directly  or 
indirectly. 

The  S.  A.  E.  standard  practice  for  drawbar  horsepower 
rating  calls  for  a  continuous  2-hr.  test.  This  is  no  doubt 
based  ijpon  the  theory  that  2  hr.  is  required  to  determine 
whether  the  tractor  has  sufficient  endurance  and  that  all 
parts  will  function  continuously.  However,  no  instru- 
ment has  been  designed  to  average  or  record  the  draw- 
bar pull  for  this  period.  There  are  no  difficulties,  how- 
ever, in  arranging  such  an  instrument,  and  if  the  2-hr. 
period  is  to  continue  as  the  standard  test  such  an  instru- 
ment should  be  designed. 

Again,  it  should  be  emphasized  that  much  of  the  value 


•Digitized  by 


Google 


GAS  TRACTOR  TESTING  509 

of  tractor  testing  depends  upon  the  care  with  which  the 
wbrk  is  done,  as  when  hastily  performed  it  is  of  little 
or  no  value.  Each  test  should  be  so  carefully  made  and 
the  conditions  so  accurately  recorded  that  the  results 
can  be  compared  with  other  similarly  conducted  tests 
wherever  they  may  be  made.  No  small  amount  of  tractor 
testing  has  been  carried  on  in  connection  with  tractor 
demonstrations.  There  are  some  advantages  in  having 
a  number  of  tractors  collected  at  one  point  where  tests 
can  be  made  under  uniform  conditions,  but  the  hurry 
and  excitement  of  a  demonstration  are  serious  disadvan- 
tages to  overcome.  If  tests  are  to  be  made  in  connection 
with  demonstrations,  the  management  should  give  those 
in  charge  of  them  time  to  prepare  and  organize  for  their 
proper  conduct.  The  competitive  principle  is  undesirable 
because  the  final  deductions  or  balancing  may  be  in  error. 
A  better  method  is  to  make  each  test  so  that  it  can  be 
easily  compared  with  recognized  standards  of  perform- 
ance. 

There  would  be  greater  interest  taken  in  testing  on  the 
basis  just  proposed.  It  should  be  possible  to  arrange  this 
through  the  cooperation  of  unattached  and  public  service 
engineers.  Without .  question  it  will  make  for  the  ad- 
vancement of  the  tractor  industry  to  establish  definite 
records  of  performance. 

THE    DISCUSSION 

Chairman  E.  A.  Johnston  :— The  standardization  of 
tractor  ratings  is  probably  the  most  important  subject  be- 
fore the  industry  today.  Many  States,  in  their  legisla- 
tures and  agricultural  colleges,  are  agitating  standard^ 
ized  rating  to  protect  their  citizens,  and  have  some  recog- 
nized ifieans  of  comparing  ratings  that  will  apply  to  all 
makes  of  tractors. 

Prop.  E.  A.  White: — I  would  lijce  to  call  Professor 
Davidson's  attention  to  the  fact  that  there  is  a  dynamom- 
eter on  the  market  at  the  present  time  suitable  for  record- 
ing the  drawbar  pull  of  a  tractor  for  a  period  of  2  hr.  or 
longer.  The  Burr  Co.,  Champaign,  IlL,  has  for  15  or 
20  yr.  been  perfecting  and  building  railway  djmamome- 
ters.  It  is  recognized  among  mechanical  engineers  as 
the  leading  authority  on  dynamometer  construction  in  the 
United  States,  if  not  in  the  world.  It  has  already  per- 
fected a  traction  dynamometer  suitable  for  recording 
time,  distance,  drawbar  pull  and  total  work  for  any  test 
from  10  sec.  up.  There  is  absolutely  no  limit  but  the  num- 
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ber  of  reels  of  paper  you  want  to  put  on.  It  makes  a 
horizontal  record  and  gives  evidence  of  Being  a  machine 
for  which  the  tractor  industry  has  long  been  waiting. 
One  of  these  machines  was  tried  out  by  us  last  year  in 
a  series  of  plow  tests  which  we  have  been  conducting  at 
the  University  of  Illinois,  and  gave  excellent  satisfac- 
tion. The  new  tractor  dynamometer,  which  is  just  now 
being  put  through,  has  a  drawbar  capacity  ranging  from 
1  to  10,000  lb.  It  is  a  machine  built  upon  the  hydrostatic 
principle,  has  a  dynamometer  unit  and  transfers  the 
pressure  to  the  recording  apparatus  through  oil. 

Chairman  Johnston: — The  National  Vehicle  &  Im- 
plement Association's  Tractor  Division,  the  American 
Society  of  Agricultural  Engineers,  and  this  Society,  are 
all  very  much  interested  in  this  subject.  *We  may  talk 
for  years  about  arriving  at  a  fair  standard,  but  unless 
we  get  together  and  actually  take  some  action  to  decide 
the  question,  the  States  will  decide  for  us,  and  if  we  are 
not  careful  we  shall  have  a  different  standard  for  every 
State. 

Mr.  Davidson: — I  recall  that  the  Giddings  recording 
traction  dynamometer,  an  instrument  standardized  for 
many  years,  is  now  being  made  with  2-hr.  and  longer 
charts.  In  line  with  the  suggestion  of  the  last  speaker, 
would  it  not  be  possible  for  the  officers  of  the  Society 
to  take  steps  to  form  a  coalition  committee  with  the 
American  Society  of  Agricultural  Engineers  and  the  Na- 
tional Implement  &  Vehicle  Association's  Tractor  Sec- 
tion? Such  a  conwnittee  could  be  commissioned  to  pro- 
ceed at  once  to  prepare  and  recommend  standard  prac- 
tice regulations  for  the  testing  and  rating  of  tractors. 
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At  the  meeting  in  New  York  City  on  March  7,  in  the 
first  paper,  entitled  Commercial  Future  of  Airplanes 
fnrni  an  Engineer's  Standpoint,  by  C.  H.  Day,  it  was 
pointed  out  that  constructional  changes  were  necessary 
to  adapt  the  war-developed  planes  to  conmiercial  use,  the 
most  important  being  that  which  will  permit  landings 
to  be  made  at  a  relatively  low  speed  without  sacrificing 
the  desirable  high  flying  rate.  The  ability  of  a  plane  to 
rise  from  or  alight  upon  a  small  area  will,  of  course, 
exert  considerable  influence  upon  the  practical  use  that 
can  be  made  of  an  airplane.  Another  point  upon  which 
emphasis  was  laid  was  the  securing  of  a  less  delicate  tjrpe 
of  engine,  Mr.  Day's  opinion  being  that  an  air-cooled  unit 
weighing  the  same  for  the  amount  of  power  developed 
as  a  water-cooled  engine  with  cooling  water,  would  be 
much  stronger  and  more  durable,  as  well  as  cheaper  to 
manufacture.  The  use  of  twin  engines,  even  for  the 
small  sizes  of  plane,- was  recommended,  as  it  is  possible 
for  the  pilot  to  maneuver  such  a  plane  on  the  ground  in 
high  winds  without  the  help  of  a  gang  of  men  to  set  it  in 
the  proper  direction,  while  greater  safety  can  be  secured 
in  flight  than  with  a  single  engine.  An  additional  argu- 
ment in  favor  of  twin  engines  for  larger  airplanes,  par- 
ticularly those  designed  for  passenger  traffic,  was  the 
greater  comfort  that  could  be  secured  for  passengers. 

In  the  second  paper,  by  Ladislas  d'Orcy,  which  was 
entitled  The  Case  for  the  Airship,  considerable  informa- 
tion as  to  recent  performance  of  airships  was  given, 
showing  that  their  development  in  war  had  been  little 
less  than  that  of  airplanes. 

The  third  paper  of  the  afternoon,  on  Airplane  Radia- 
tors, was  presented  by  Archibald  Black.  This  paper, 
which  was  of  a  very  different  character  from  the  other 
two,  contained  a  large  amount  of  data  dealing  with 
the  efficiency  of  several  types  of  radiators,  the  effect  of 
various  mountings  on  the  airplane,  and  other  factors  of 
importance. 

At  the  evening  session  addresses  were  delivered  by 
Col.  V.  E.  Clark,  Commander  J.  C.  Hunsaker  and  Briga- 
dier-General William  Mitchell.  The  first  two  dealt  with 
the  development  of  aircraft  for  the  Army  and  Navy 
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respectively,  vfrhile  General  MitchelFs  address  dealt  with 
the  tactics  of  airplane^£ombat.  He  told  of  the  operations 
of  our  aircraft  at  the  battle  of  St.  Mihiel. 


COMMERCIAL  FUTURE  OF  AIRPLANES 
FROM  AN  ENGINEER'S  STANDPOINT 

By  C  H  Dayi 

A  BRIEF  history  of  the  engineering  development  of 
the  airplane  from  the  time  of  the  earliest  supposed 
attempt  at  flight,  about  400  B.C.,  is  presented  and  the 
effect  of  the  war  on  the  development  of  commercial 
airplanes  considered.  Other  discussions  include  such 
items  as  safety,  initial  cost,  cost  of  upkeep  and  cost 
per  ton-mile;  why  devices  for  increased  stability  are 
not  of  great  importance;  the  importance,  for  both 
safety  and  low  cost,  of  machines  that  will  allow  land- 
ing in  and  flying  out  of  small  fields,  requiring  low 
landing  speeds,  a  quick  crtop  after  landing  and  good 
climb  for  low  speeds  of  advance.  Suggestions  are  made 
as  to  means  of  accomplishing  the  requirements  men- 
tioned. The  relation  of  proximity  of  landing  fields  to 
reduction  of  cost  per  ton-mile  is  stated* 

Other  considerations  are  size  and  type  of  commer- 
cial planes;  the  limitation  of  size;  advantage  to  be 
derived,  as  to  both  safety  and  cost,  from  engines  that 
will  maintain  their  horsepower  at  great  altitude;  advan- 
tages of  the  tractor  and  twin-engine  types  of  airplane; 
limitation^  of  existing  types  of  engine  for  commercial 
work;  the  importance  of  the  development  of  less  ex- 
pensive and  more  reliable  engines;  and  the  possibilities 
of  air-cooled  engines  for  small  airplanes. 

The  earliest  attempt  at  a  heavier-than-air  machine, 
which  we  find  reference  to,  is  that  of  Archytas,  a 
philosopher  of  Taranto,  who  lived  about  400  B.  C. 
The  first  man  to  whom  we  are  indebted  for  approximation 
to  the  true  principles,  as  known  and  written  of,  by  him- 
self, is  Roger  Bacon,  an  Englishman,  born  at  Ilchester, 
1214  A.  D.  His  great  wisdom  seems  even  more  mar- 
velous in  these  days,  since  within  the  past  century  we 
have  realized  many  of  the  ideas  set  forth  by  him.  The 
flying  machine,  o^  means  of  mechanical  flight,  which  has 

'Chief  engineer,  Standard  Aircraft  Corporation,  EUsabeth.  N.  J. 
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since  made  great  strides,  was  written  of  and  investi- 
gated by  him.  The  art  of  mechanical  flight,  or  at  least 
the  method  by  which  it  has  been  accomplished,  seems  to 
have  been  well  understood  by  him. 

Of  those  who  have  been  mentioned,  however,  none 
has  left  us  so  much  tangible  information  as  has  the 
artist,  Leonardo  da  Vinci,  the  noted  painter  and  sculptor, 
who  was  bom  near  Florence  in  1462.  Besides  being  a 
great  artist  in  painting  and  sculpture,  he  was  equally 
as  good  a  mathematician  and  engineer.  His  calculations, 
drawings  and  his  deductions  based  on  flights  of  birds, 
about  which  he  has  written  considerable,  are  nearly 
modem  in  their  accuracy. 

Beoinninos  op  Present-Day  Machines 

The  flying  machine,  as  we  know  it  today,  had  its  real 
beginning  in  the  year  1810,  with  the  experiments  of.  Sir 
George  Cayley,  who  analyzed  4;he  mechanics  of  flight  and 
conducted  experiments  with  gliders  and  spent  his  time 
experimenting  with  surfaces  to  detertnine  their  relative 
lifting  effect  when  set  at  various  angles  of  attack.  He 
was  also  the  first  to  suggest  the  use  of  a  tail  as  a  means 
of  longitudinal  stability  and  to  show  how  the  pivoting 
of  the  tail  would  enable  it  to  be  used  as  an  elevator. 

Following  this,  Henson  was  the  next  to  devote  much 
time  and  energy  to  the  constructon  of  an  airplane.  He 
made  use  of  much  of  the  data  worked  out  by  Sir  George 
Cayley.  His  machine,  which  was  not  built  until  1843,  was 
invented  in  1835.  It  was  a  typical  example  of  the  mono- 
plane construction  as  employed  today,  and  among  other 
things  that  are  worthy  of  mention  are  the  hollow  wooden 
struts  which  he  used,  and  double  surface  wings,  method 
of  tightening  wires  and  landing  wheels;  he  was  probably 
the  first  to  use  a  vertical  rudder  for  lateral  directional 
control.  This  machine  was  designed  to  be  driven  by  a 
steam  engine,  which  drove  two  propellers  extending  to 
the  rear  of  the  wings. 

We  are  told  that,  in  1864,  Wilhelm  Kress  of  Vienna, 
Austria,  conunenced  to  experiment  with  small  models 
as  well  as  propellers  and  in  that  year  built  a  model 
about  3  ft.  across  the  wing  tips  and  after  many  experi- 
ments and  tests  finally  constructed  a  model  in  1877  which 
was  driven  by  rubber  bands  and  actually  rose  into  the  air 
and  flew  for  a  short  distance.  He  later  built  models 
with  two  and  three  planes,  placed  one  behind  the  other, 
and  also  placed  one  above  the  other.    In  1879  he  took  out 
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patents  on  his  machine  in  many  countries.  On  account 
of  the  lack  of  proper  motive  povtrer  he  did  not  attempt  to 
build  a  large  machine  until  1901,  when  he  completed 
one  weighing  1870  lb.,  with  a  total  surface  of  1011  sq.  ft. 
He  was  destined  to  disappointment  because  the  engine 
he  used,  which  had  been  represented  as  one  of  30  hp., 
did  not  develop  the  necessary  power,  and  the  machine 
was  wrecked. 

Among  those  particularly  worthy  of  mention  in  con- 
nection with  the  engineering  development  of  airplanes 
are  Wenham,  who  built  the  first  monoplane  glider  in 
1866;  Stringfellow,  who  built  a  steam-driven  model  air- 
plane in  1868;  Tatin,  who  in  1879  built  a  compressed-air 
driven  model,  and  Hargrave,  who  built  a  box  kite  which 
was  noted  for  its  remarkable  stability. 

In  1898  the  first  wind-tunnel  experiments  were  com- 
menced by  Philips,  to  whom  we  are  indebted  for  many 
of  the  data  which  were  useful  for  years  after  his  time. 
And  even  now  his  data  on  vnng  curves  are  valuable, 
and  the  well-known  Philips'  entry,  used  on  many  curves 
today,  is  one  of  the  evidences  of  his  successful  effort 

In  finally  placing  the  date  of  the  actual  starting  of 
the  investigation  which  ultimately  rendered  human  flight 
possible,  we  must  turn  to  the  years  1888  and  1889  when 
the  following  men,  though  in  different  parts  of  the  world, 
set  themselves  simultaneously  to  find  the  practical  solu- 
tion of  mechanical  flight.  These  men  who  are  credited 
with  this  worthy  task  were:  Professor  Langley  in 
America,  Maxim  in  England,  Lilienthal  in  Germany, 
and  Hargrave  in  New  South  Wales.  The  more  recent 
progress  of  the  Wright  brothers,  Curtiss  and  others  is 
of  course  to  be  noted.  The  admirable  engineering  ad- 
vancement accomplished  by  these  men  is  already  known 
to  all.  Since  then  progress  has  been  rapid  and  sometimes 
radical;  many  theories  have  been  exploded  and  many  more 
have  been  proven  correct.  The  advancement  made  in 
engineering  in  the  past  is  only  a  prediction  of  the  possi- 
bilities of  the  future. 

For  the  past  few  years  practically  the  entire  attention 
of  the  engineering  talent  of  the  world  has  been  concen- 
trated on  the  designing  of  airplanes  exclusively  for  mili- 
tary purposes,  and  it  is  now  necessary  that  serious 
thought  be  given  to  the  design  of  purely  commercial 
vehicles.  The  devdopment  of  military  airplanes  has 
given  us  a  great  amount  of  extremely  valuable  engineer- 
ing data,  but  not  all  the  efforts  of  the  past  to  obtain 
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enormous  speed  and  climb  at  whatever  sacrifice  of  initial 
cost  and  cost  per  mile  are  of  great  avail  for  commercial 
needs. 

The  commercial  airplane  of  the  future  will  be  used  f oi 
sport  and  the  carrying  of  mail,  passengers  and  express. 
All  of  these  things  are  now  being  accomplished  success- 
fully but  in  a  limited  manner,  and  the  extent  to  which  the 
field  of  usefulness  will  be  increased  depends  largely  upon 
the  ability  of  engineers,  to  develop  machines  better 
suited  to  the  purposes  than  those  we  now  have. 

Factors  To  Be  Considered 

Of  paramount  importance  are  the  questions  of  safety, 
low  initial  cost,  low  cost  of  upkeep  and  low  cost  per  ton- 
mile.  A  great  deal  of  attention  has  been  given  to  devices 
to  increase  the  stability  of  the  airplane  with  an  idea  that 
this  will  greatly  increase  its  safety.  I  do  not  believe  that 
the  development  of  such  devices  will  greatly  enhance  the 
future  of  the  airplane.  The  ease  with  which  pilots  have 
learned  to  fiy  existing  training  machines  would  certainly 
indicate  that  the  stability  of  these  airplanes  is  si^cient 
for  present  needs,  and  investigation  will  show  that  the 
majority  of  accidents  have  been  due  to  either  collisions 
in  the  air  or  bad  landings,  and  not  to  any  inability  of 
the  pilot  to  control  the  actions  of  the  machine.  The 
stability  of  these  machines  can  be  increased  to  almost 
any  extent  desired  at  very  little  sacrifice  of  efikiency. 
In  fact,  it  is  perfectly  feasible  for  any  aeronautical  engi- 
neer to  design  a  machine  of  any  tsrpe  with  the  surfaces 
proportioned  and  arranged  so  that  the  machine  will  be 
self-righting  under  all  conditions ;  will  not  tail-spin  unless 
forced  to  do  so;  and  will  come  out  of  a  tail-spin  of  its  own 
accord.  With  the  rudder  fixed  such  a  machine  will  fly 
almost  indefinitely  with  all  controls  released  and  in  case 
of  engine  failure  assume  a  natural  gliding  angle  and 
maintain  that  gliding  angle  until  it  reaches  the  ground. 
With  good  air  conditions  it  would  even  make  a  safe 
landing  if  the  ground  were  suitable.  I  might  add  that 
there  are  absolutely  no  mysteries  connected  with  the  de- 
sign of  a  machine  to  accomplish  these  results.  While  rid- 
ing as  a  passenger  in  such  a  machine  two  years  ago  I 
saw  all  of  these  things  demonstrated  in  flight. 

To  my  mind  the  most  important  development  will  be 
that  which  will  enable  airplanes  to  land  in  extremely 
small  fields,  or  literally  in  a  man's  back  yard.     This 
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must  be  obtained  at  not  too  great  a  sacrifice  of 
high  speed.  At  the  present  time  the  load  carried  on 
an  airplane  which  has  sufficient  reserve  power  for  safe 
flying  is  about  20  lb.  per  hp.,  and  a  speed  range  of  from 
46  to  90  miles  per  hr.  is  now  obtainable  with  this  loading. 
It  would,  therefore,  seem  that  the  future  airplane  should 
be  able  to  maintain  a  high  speed  of  90  miles  per  hr.,  speed 
being  one  of  the  main  advantages  of  the  airplane  over 
other  means  of  travel. 

Among  the  possible  means  for  reducing  landing  speed 
without  sacrificing  the  high  speed  is  the  development  of 
more  efficient  airfoils,  devices  for  increasing  the  camber 
of  the  airfoil  in  landing,  increasing  the  surface  of  the 
main  planes,  and  possibly  the  development  of  an  angular 
propeller  thrust  or  auxiliary  propeller  to  reduce  the  load 
per  square  foot  of  surface.  Landing  gears  having  greater 
shock-absorbing  qualities  to  allow  of  stalling  into  a  field 
from  a  greater  height  than  is  now  possible  would  also  help 
greatly.  Airfoils  having  a  high  lift  at  high  angles  with 
low  resistance  at  low  angles,  and  which  still  maintain 
a  good  lift-drift  ratio  at  normal  angles,  greatly  reduce 
landing  speeds  and  usually  allow  of  maximum  climb  at 
low  speeds.  It  is  very  probable  that  the  efficiency  of  the 
airfoil  will  be  increased  to  such  an  extent  that  any  in- 
crease of  camber  would  be  of  little  benefit. 

With  relation  to  the  use  of  angular  propeller  thrust  or 
auxiliary  propellers,  it  should  be  noted  that  with  machines 
carrying  20  lb.  per  hp.  not  more  than  60  per  cent  of  the 
power  is  necessary  for  sustained  flying  at  very  nearly  the 
airplane's  lowest  speed.  It  certainly  would  be  highly  ad- 
vantageous if  the  60  per  cent  excess  horsepower  avail- 
able at  this  point  could  be  utilized  as  a  vertical  component 
to  reduce  the  loading  per  square  foot  and  thus  reduce  the 
landing  speed. 

It  is  necessary  not  only  to  reduce  the  landing  speed  but 
also  to  reduce  the  length  of  run  of  the  machine  after 
touching  the  ground.  This  has  been  more  or  less  suc- 
cessfully accomplished  by  the  use  of  brakes  on  the  main 
landing  wheels  and  auxiliary  wheels  well  ahead  of  the 
center  of  gravity  to  keep  the  machine  from  turning 
over.  At  the  same  time  that  we  consider  the  advantage 
of  low  landing  speeds  to  get  into  small  fields,  we  should 
not  forget  that  it  is  also  necessary  to  leave  these  fields. 
It  would  be  highly  advantageous  to  develop  machines 
which  will  gain  their  normal  flying  speed  after  a  short 
run  and  have  a  high  climb  at  low  speeds  of  advance.    In 
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getting  out  of  small  fields  climb  per  distance  and  not 
climb  per  time  is  the  important  factor.  As  previously 
stated,  the  development  of  airfoils  will  improve  this 
condition  as  well  as  that  of  low  landing  speed.  Once 
we  have  secured  this  much-desired  ability  to  get  in  and 
out  of  small  fields,  the  safety  and  usefulness  of  the  air- 
plane from  a  commercial  standpoint  will  be  increased 
enormously.  Not  only  will  we  be  able  to  reach  points 
that  are  not  now  available  near  cities,  but  we  can  fly 
over  congested  or  mountainous  districts  with  perfect 
safety. 

Of  next  importance  to  safety  is  cost.  There  is  no 
doubt  in  my  mind  that  the  future  airplane  can  be  greatly 
simplified  and  thus  greatly  reduced  in  initial  cost,  and  at 
the  same  time  be  made  sufficiently  durable  so  that  the 
cost  of  upkeep  will  be  little  more  than  that  of  an  auto- 
mobile. Most  airplanes  at  the  present  time,  whether  they 
are  manufactured  in  small  or  large  quantities,  are  prac- 
tically a  hand-made  product  and  this  must  be  eliminated 
in  the  future.  The  concentration  of  efforts  toward  enor- 
mous climbs  and  speeds  for  military  purposes  has  resulted 
in  extremely  complex  structure,  delicate  workmanship 
and  expensive  materials.  However,  the  military  air- 
plane has  developed  many  new  materials  which  will  re- 
sult in  not  only  more  efficient  machines  but  great  reduc- 
tion of  initial  cost.  The  use  of  waterproof  veneer  is  of 
utmost  importance  and  if  judiciously  employed  will  do 
away  with  fully  50  per  cent  of  the  number  of  small 
and  intricate  parts.  In  the  past  little  attention  has  been 
given  to  the  interchangeability  of  parts,  it  having  been 
the  custom  to  design  each  part  for  the  particular  pur- 
pose for  which  it  was  desired  without  regard  to  its  use 
for  different  purposes.  Proper  attention  given  to  this 
matter  would  go  far  toward  eliminating  the  manufacture 
of  airplanes  by  hand  and  would  reduce  both  the  initial 
cost  and  the  cost  of  upkeep. 

One  of  the  airplanes  now  doing  very  successful  work, 
which  has  a  range  of  640  miles  at  90  miles  per  hr. 
carrying  a  load  in  addition  to  pilot  and  passenger  of  2000 
lb.,  costs  20c.  per  ton-mile  for  fuel.  Reducing  this  range 
to  270  miles  and  utilizing  the  reduction  of  the  necessary 
fuel  for  the  carrying  of  additional  load,  brings  the  cost 
of  fuel  to  13c.  per  ton-mile.  It  will,  therefore,  be  seen 
that  proximity  of  landing  fields  has  much  to  do  with  the 
reduction  in  cost  of  the  operation  of  an  airplane. 
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Size  and  Type  of  CoMMERaAL  Planes 

As  to  the  size  of  the  future  commercial  airplane,  it  is 
my  opinion  that  the  machines  most  used  will  be  those 
carrying  from  one  to  twelve  passengers  or  corresponding 
loads  of  mail  or  express.  But  for  certain  purposes  we 
may  expect  to  see  airplanes  of  a  size  far  beyond  our 
present  dreams.  However,  machines  beyond  a  capacity 
of  twelve  passengers  become  somewhat  unwieldy  and  ex- 
pensive of  operation.  Much  has  been  written  about  the 
limit  of  the  size  of  an  airplane  with  relation  to  the  so- 
called  square-cube  law,  maintaining  that  increasing  the 
linear  dimensions  of  an  airplane  increases  the  surface  bv 
the  square,  whereas  the  weight  increases  by  the  cube. 
However,  I  believe  it  has  been  conclusively  proved  that 
this  law  does  not  hold  true,  and  that  it  is  perfectly  feas- 
ible by  unit  structure  and  the  added  opportunities  for 
reduction  of  head  resistance,  and  improved  structure,  to 
increase  the  size  of  an  airplane  to  practically  any  extent 
and  increase  the  weight  little  if  any  more  than  in  pro- 
portion to  size.  We  cannot  hope  to  compete  in  this  re- 
spect with  the  dirigible  in  the  case  of  which  increase 
of  size  is  highly  advantageous,  the  percentage  of  struc- 
tural weight  decreasing  and  percentage  of  useful  load 
increasing  with  the  increase  of  size.  Due  to  the  lack 
of  available  landing  fields,  it  is  probable  that  the  ten- 
dency toward  increase  in  size  of  the  airplane  will  be 
greater  for  water  than  for  land  use. 

Durability  has  been  of  very  little  importance,  but  for 
commercial  purposes  the  upkeep  becomes  an  enormous 
item  of  cost.  This  is  true  not  only  of  the  airplane  itself 
but  also  of  the  engine  propelling  it.  Both  the  initial  cost 
and  the  cost  of  upkeep  are  about  equally  divided  between 
the  engine  and  the  airplane.  The  engine  cost  must 
be  greatly  reduced.  In  the  most  efficient  weight-carrying 
airplanes  of  today  with  a  loading  of  20  lb.  per  hp.  the 
structural  weight  of  the  airplane  itself  is  about  30  per 
cent  of  the  weight  of  the  machine  fully  loaded  and  the 
weight  of  the  engine  is  about  20  per  cent  of  the  total 
weight,  leaving  60  per  cent  for  fuel  and  useful  load.  For 
a  range  of  600  miles,  the  weight  of  the  fuel  is  about  20 
per  cent,  leaving  about  30  per  cent  for  useful  load.  Im- 
provements in  the  airplane  structure  will  greatly  reduce 
the  percentage  of  structural  weight  and  will  allow  the  use 
of  heavier  engines  with  corresponding  reduction  of  cost. 
It  is  very  doubtful  whether  the  trend  of  engine  design 
will  be  in  this  direction,  as  efforts  will  be  concentrated 
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toward  the  increase  of  the  percentage  of  useful  load 
carried. 

I  have  previously  stated  that  we  must  not  sacrifice  high 
speed  for  low  landing  speeds.  Likewise  we  must  not 
sacrifice  this  high  speed  for  reduction  of  engine  cost.  It 
seems  that  one  of  the  greatest  advances  that  could  be 
made  in  engine  design  is  the  development  of  an  engine 
that  would  maintain  its  horsepower  at  high  alti- 
tudes. If  the  horsepower  could  be  maintained  at 
high  altitudes,  the  speed  of  the.  airplane  would  be 
greatly  increased  thereby,  and  it  would  then  be  feas- 
ible not  only  to  decrease  the  landing  speed  without  sac- 
rificing the  high  speed  but  the  use  of  engines  of  lower 
horsepower  would  be  possible.  It  is  probable  that  the 
development  of  an  engine  of  this  type  would  demand  a 
variable-pitch  propeller  to  get  the  maximum  speed  at 
altitude.  If  such  a  propeller  were  used,  it  would  not 
only  increase  the  speed  at  altitude,  but  by  reducing  the 
pitch  and  allowing  a  corresponding  increase  in  engine 
speed,  the  efficiency  of  the  propeller  would  be  increased  at 
low  speeds  of  advance  so  that  the  landing  speed  of  the 
airplane  would  be  greatly  reduced. 

As  to  the  particular  type  of  airplane  to  be  used  for 
conmiercial  purposes,  the  tractor  would  seem  to  be  most 
advantageous.  Inasmuch  as  safety  is  of  the  greatest  im« 
portance  and  most  wrecks  occur  in  landing,  the  pilot  and 
passenger  should  be  located  well  to  the  rear  of  the  center 
of  gravity,  so  that  the  heavier  parts  of  the  machine,  such 
as  engines,  etc.,  will  reach  the  ground  first  in  case  of 
accident.  The  two  classes  of  accidents  which  are 
most  common  to  the  airplane  are  wrecks  due  to  bad  land- 
ings and  nose  dives  resulting  from  engine  stoppage  in 
climbing  out  of  a  field  when  the  altitude  is  not  sufficient 
for  the  machine  to  recover. 

It  would  also  appear  that  multi-engined  machines  will 
not  only  add  to  the  safety  of  the  machine  but  also  reduce 
the  cost  per  ton-mile  and  by  decreasing  the  liability  of 
breakage  thus  reduce  the  cost  of  upkeep.  You  will  prob- 
ably assume  that  the  use  of  multi-engines  means  an  in- 
crease in  the  weight  of  the  powerplant,  but  on  investi- 
gation it  will  be  found  that  the  opportunities  given  for 
the  reduction  of  the  structural  weight  due  to  the  distri- 
bution of  loads  are  so  great  that  the  structural  weight  of 
the  machine  will  be  decreased  in  far  greater  proportion 
than  the  weight  of  the  engines  is  increased. 

For  long  flights  the  weight  of  fuel  is  a  very  large  pro- 
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portion  of  the  total  weight  of  the  machine,  and  as  the 
journey  progresses  the  fuel  is  reduced  and  the  range  may- 
be greatly  increased  by  throttling  the  engine.  You  are  all 
aware  of  the  fact  that  throttling  an  engine  is  a  most 
inefficient  manner  of  reducing  horsepower.  With  the 
multi-engined  machine  it  becomes  perfectly  feasible  to 
cut  out  one  or  more  engines  as  the  case  may  be  when  the 
flight  is  partially  completed,  leaving  the  remaining  ones 
operating  at  maximum  efficiency  and  best  economy. 

A  multi-engined  machine  is  undoubtedly  much  safer,  as 
we  can  assume  that  all  of  the  engines  will  very  seldom 
stop  at  once,  and  even  though  the  remaining  engine  or 
engines  are  not  sufficient  to  maintain  constant  altitude, 
the  gliding  angle  will  be  enormously  increased.  For  small 
passenger-carrying  machines  twin  engines  are  extremely 
advantageous  as  with  them  it  is  possible  to  design  a 
tractor  type  of  airplane  which  will  be  perfectly  clean  and 
avoid  the  objectionable  drifting  back  of  oil  into  the  pilot's 
face,  always  present  in  a  single-engined  tractor  type. 
Maneuvering  on  the  ground  also  becomes  much  easier, 
by  throttling  one  engine  or  the  other  the  machine  can  be 
maneuvered  with  the  wind  without  a  group  of  mechanics 
to  assist  the  pilot. 

I  would  like  to  point  out  that  the  greatest  assistance 
that  can  be  given  the  airplane  engineer  in  the  design  of 
commercial  airplanes  is  the  development  of  engines. 
There  are  very  few  suitable  engines  in  existence.  As 
with  the  airplane  itself,  all  attention  for  the  past 
few  years  has  been  given  to  engines  of  very 
high  horsepower  and  extremely  light  weight,  with 
initial  cost  and  cost  of  upkeep  as  purely  secondary  con- 
siderations. It  is  probable  that  some  of  the  existing  air- 
plane engines,  if  built  in  enormous  quantities,  could  be 
produced  at  a  reasonable  cost,  but  the  production  of  com- 
mercial airplanes  is,  at  the  present  time,  somewhat  lim- 
ited and  the  growth  of  the  industry  must  necessarily  be 
gradual.  It  would,  therefore,  seem  that  the  production 
of  existing  type  of  engines  will  not  be  sufficiently  great 
to  get  the  cost  down  to  a  reasonable  basis.  Engines  of 
medium  horsepower  would  be  highly  advantageous  for 
smaller  types  of  commercial  planes,  and  a  very  satis- 
factory sportsman's  machine  of  the  twin-engined  type 
with  units  of  60  or  70  hp.  would  be  a  desirable 
product,  and  it  should  be  possible  to  produce  such  engines 
at  a  comparatively  low  cost.  For  this  type  of  machine 
the  air-cooled  type  of  engine  would  be  particularly  de- 
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sirable  inasmuch  as  the  engine  can  be  of  comparatively 
small  size  and  small  bore  and  can  be  exposed  in  a  maimer 
which  would  not  be  practicable  in  a  single-engined  type. 
All  air-cooled  engines  which  have  previously  been  brought 
out  have  been  of  a  type  in  which  efforts  have  been  made 
to  reduce  the  weight  to  an  extent  far  beyond  that  of  the 
water-cooled  type.  I  believe  that  an  air-cooled  engine  of 
medium  horsepower,  weighing  the  equivalent  of  a  fully 
equipped  water-cooled  engine  including  radiator  and 
water,  would  make  an  efficient  powerplant  and  one  which 
could  be  produced  at  very  low  cost. 


THE  CASE  FOR  THE  AHlSHff 

By  Ladthlar  d'Obct* 

ON  the  basis  that  it  is  impossible  to  state  the  case  for 
either  the  airship  or  the  heavier-than-air  machine 
without  some  comparison  of  the  two,  the  author  dis- 
cusses relatively  features,  points  of  merit  or  superior- 
ity and  the  fields  of  usefulness  thus  far  disclosed  in 
the  rapid  development  of  the  craft.  Progress  since 
1914  is  outlined,  a  brief  history  to  date  is  induded  and 
the  way  prepared  for  consideration  of  the  i>088ibilitie8 
of  long-distance  flight 

A  comparison  of  the  features  given  emphasizes 
strongly  the  point  that  the  airplane  is  mainly  a  high- 
speed, short-distance  carrier,  while  the  large  rigid  air- 
ship is  essentially  a  medium-speed  long-distance  car- 
rie^r.  Each  type  has  a  distinct  sphere  of  activity;  the 
airship  in  transcontinental,  transoceanic  traffic;  the 
airplane  in  feeding  the  terminals  of  the  airship  with 
passengers  and,  possibly,  certain  kinds  of  freight.  The 
salient  features  of  the  airship  are  great  endurance, 
large  cargo  capacity,  ability  to  remain  aloft  in  bad 
weather,  and  space  and  comfort  for  passengers. 

The  secondary  position  of  the  United  States  in  the 
rank  of  development  is  stated  frankly.  The  non-in- 
flammable lifting  gas,  of  which  we  have  an  almost 
unlimited  supply,  should  place  us  in  the  forefront  for 
speedy,  long-distance  transport. 


'AModate  •dltor,  AviatUm  and  Aeronautiodl  Bngin^erlng,  N«w 
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In  stating  the  case  for  the  airship  it  is  really  impos- 
sible to  give  the  subject  an  adequate  defense  with- 
out entering  into  a  controversial  discussion  with  the 
advocates  of  heavier-than-air  machines.  Although  the 
features  of  airships  and  airplanes  are  so  widely  different 
that  each  type  of  aircraft  promises  to  cover  quite  dif- 
ferent fields  of  usefulness,  the  impression  prevails  at 
large  that  the  airplane  will  eventually  displace  the  air- 
ship, be  it  for  military  or  commercial  purposes. 

This  wholly  erroneous  impression  does  not  take  into 
account  the  extraordinary  development  that  has  taken 
place  in  airship  construction  in  the  last  four  years,  which 
has  been  kept  even  more  secret  than  airplane  progress. 

Progress  Made  Since  1914 

Before  discussing  the  more  general  problems  of 
lighter-than-air  craft  with  respect  to  their  possible  use 
in  times  of  peace  and  war,  some  figures  will  be  given  to 
show  at  once  the  great  progress  realized  in  this  domain 
during  the  Great  War.  As  Germany  was,  at  the  signing 
of  the  armistice,  still  leading  in  airship  constructioa, 
though  closely  followed  by  Great  Britain,  two  German 
naval  Zeppelins,  the  L8  and  the  L71,  will  be  taken  as 
representative  of  the  stage  of  progress  in  1914  and  in 
1918. 

From  the  L3  to  the  L71  the  gross,  or  total,  lift  has 
increased  from  30  to  66.64  tons;  the  disposable  lift,  or 
useful  load,  from  8.6  to  38.84  tons;  the  efficiency  ratio, 
that  is,  the  ratio  of  disposable  lift  to  gross  lift,  from  27.8 
to  58.3  per  cent;  the  total  horsepower,  from  800  to  2100; 
the  full  speed  at  10,000  ft.,  from  60  to  77.6  miles  per  hr.; 
the  cruising  endurance,  at  46  miles  per  hr.,  from  20  to 
177%  hr. ;  and  the  static  ceiling,  that  is,  the  altitude  that 
can  be  reached  by  purely  static  means,  from  6000  to 
21,000  ft. 

The  most  impressive  of  the  above  figures  are,  to  my 
mind,  the  ones  showing  the  increase  in  efficiency  ratio, 
which  has  about  doubled  with  the  twofold  increase  in 
capacity  of  the  Zeppelin,  for  this  well  illustrates  the  one 
very  important  feature  of  lighter-than-air  craft  which 
confers  upon  them  a  superiority  over  heavier-than-air 
craft,  namely,  that  an  increase  in  the  size  of  airships 
gives  greatly  improved  efilciency.    In  airplanes,  on  the 
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contrary,  efficiency  not  only  remains  stationary  with  the 
sizes  now  reached,  but  is  even  likely  to  decrease  with 
further  increases  in  size.  At  the  present  time  the  old 
all-round  British  airplane,  the  DH-lOa,  with  two  400-hp. 
Liberty  engines,  has  an  efficiency  ratio  of  86.1  per  cent 
This  machine  has  a  high  speed,  at  10,000  ft.,  of  125  miles 
per  hr.,  a  cruising  endurance  of  14  hr.,  a  ceiling  of 
19,000  ft,  and  a  useful  load  of  1.45  tons.  As  against 
this  performance  the  best  all-round  airplane  of  1914,  the 
two-seater  80-hp.  Avro,  with  an  endurance  of  4  hr., 
showed  an  efficiency  ratio  of  36.3  per  cent,  so  that  there 
has  actually  occurred  a  slight  loss  of  efficiency,  and  it 


Tractor  "Bljmp/*^  Built  by  the  Goodrich  Co.  for  the  U.  S.  Navy 
AND  Equipped  with  One  Curtiss  OXX  100-Hf.  Engine 

can  be  said  that  this  would  have  been  greater  but  for 
considerable  improvement  in  design. 

The  reason  why  in  an  airship  the  efficiency  ratio  is 
improved  with  an  increase  in  size,  whereas  in  the  air- 
plane it  remains  at  best  stationary,  is  due  to  the  fact 
that  the  airship  derives  its  lift  from  volume,  while  the 
airplane  derives  its  lift  from  area.  Now,  in  either  case 
what  may  be  termed  the  unit  of  lift,  cubic  feet  of  volume 
or  square  feet  of  area,  exerts  only  a  definite  lifting 
effect;  in  the  airship  this  is  determined  by  the  specific 
gravity  of  hydrogen  or  helium,  and  is  therefore  immov- 
able, whereas  in  the  airplane  it  depends  upon  progress  in 
design,  and  is  thus  still  open  to  improvement.  This 
fact  may,  in  a  certain  measure,  work  out  in  favor  of  the 
airplane,  but  there  are  other  factors  which  actually  limit 
the  practicable  size  of  heavier-than-air  craft. 
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Car  of  the  Goodtear  Pusher  "Bi*imp  ' 

One  of  these  is  that  while  the  lift  of  an  airplane  theo- 
retically varies  with  the  square  of  linear  dimensions,  the 
weight  of  the  wing  structure  per  unit  of  area  does  not 
remain  stationary  with  an  increase  of  vring  area,  but 
increases,  because  the  larger  wing  structure  must  be 
made  proportionally  strong.  Consequently,  a  size  is 
eventually  reached  where  every  additional  square  foot 
of  surface  weighs  as  much  as  it  can  lift,  so  that  beyond 
this  size  there  will  occur  a  marked  reduction  in  efficiency. 

Now  we  know  that  the  strength  of  similar  structures 
is  inversely  proportional  to  their  linear  dimensions.  This 
rule  applies  equally  to  airships  and  airplanes,  but  while 
the  lift  varies  as  the  cube  of  dimensions  in  lighter-than- 
air  craft,  and  as  the  square  in  heavier-than-air  craft,  an 
increase  in  lift  is  attained  in  airships  with  much  less 
increase  of  dimensions  than  in  airplanes.  For  instance, 
if  we  double  the  span,  and,  to  retain  the  same  aspect 
ratio,  the  chord  of  a  given  airplane,  the  lift  will  increase 
four  times,  while  theoretically  the  weight  will  have  to  be 
eight  times  as  great  if  we  want  to  obtain  the  same  struc- 
tural strength.  But  in  an  airship,  when  we  increase  the 
lift  four  times,  we  increase  the  length  of  the  structure 
only  by  tne  cube  root  of  four,  that  is,  approximately  one 
and  a  half  times,  sojthat  the  weight  of  the  structure  will 
be  only  four  times ''greater  for  the  same  proportionate 
strength,  which  is  to  say  that  the  weight  of  an  airship 
is,  for  the  same  structural  strength,  directly  proportional 
to  the  total  lift. 
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Now,  it  is  true  that,  as  heavier-than-air  advocates  con- 
tend, the  law  of  geometrical  similitude  is  not  strictly 
applicable  when  aircraft  are  increased  in  size,  because 
more  suitable  materials  become  available  for  construct- 
ing large  machines,  or  else,  available  materials  can  be 
used  in  a  more  advantageous  form.  However,  this  rule 
applies  to  lighter-than-air  craft  as  well  as  to  heavier- 
than-air  types;  and  it  must  be  conceded  that  even  with 
allowance  for  improved  efficiency  due  to  more  suitable 
materials  of  construction,  the  weight  of  an  airplane  does 
increase  in  a  greater  proportion  than  the  lift,  at  best 
like  3  to  2,  always  provided  the  same  structural  strength 
is  desired. 

Another  technical  advantage  afforded  by  the  airship 


Pusher  "Blimp/'  Built  bt  the  Goodyear  Co.  por  the  U.  S.  Navt, 
Equipped  with  One  Thomas   150-Hp.   Engine 


Digitized  by 


Google 


526  THE  SOCIETY  OP  AUTOMOTIVE  ENGINEERS 


Coastal  Airship  of  the  U.  S.  Navt,  Built  by  the  Goodtbab  Co., 
AND  Driven  by  Two  150-Hp.  Twin-Screw  Hisfano-Suiza  Engines 


is  that  the  so-called  coefficient  of  tractive  resistance,  that 
is,  the  ratio  of  the  weight  of  machinery  to  total  lift, 
obviously  decreases  with  an  increase  of  size,  because  the 
lift  varies  as  the  cube  of  the  linear  dimensions,  while  the 
resistance  of  the  air  and  the  brake  horsepower  vary  as 
the  square  of  the  dimensions,  all  other  things  being 
equal. 

The  British  National  Physical  Laboratory  has  made 
an  exhaustive  investigation  of  the  tractive  resistance  of 
airship  hulls,  as  the  result  of  which  some  highly  inter- 
esting figures  are  now  available.  These  are  based  on  the 
streamline  hull  of  the  Zeppelin  L33,  which  was  brought 
down  in  England  in  the  fall  of  1916.  It  appears  from 
these  figures  that  the  tractive  resistance  decreases  in  a 
marked  degree  with  an  increase  in  size  and  a  proportionate 
increase  in  horsepower.  Thus  the  coefficient  of  tractive 
resistance  of  a  60-ton  rigid,  which  is  about  the  largest 
size  in  existence,  is  1.9  per  cent  at  45  miles  per  hr.,  3.8 
per  cent  at  60  miles  per  hr.,  and  7.7  per  cent  at  80 
miles  per  hr.,  as  against  that  of  a  300-ton  rigid,  which  is 
0.9  per  cent  at  45  miles  per  hr.,  1.8  per  cent  at  60  miles 
per  hr.,  and  3.6  per  cent  at  80  miles  per  hr.  In  other 
words,  a  300-ton  rigid  can  fly  more  economically  at  80 
miles  per  hr.  than  a  60-ton  rigid  can  at  60  miles  per  hr. 

This  explains  why  the  performance  of  the  latest  Zep- 
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pelins,  which  have  almost  trebled  in  size  since  1914,  has 
so  marvelously  improved.  One  such  performance,  which 
has  recently  been  made  public  by  the  British  Air  Min- 
istry and  cannot,  therefore,  be  taken  for  enemy  propa- 
ganda, fittingly  illustrates  the  tremendous  possibilities  of 
the  large  rigid  airship  in  long  distance  aerial  transport. 
In  the  fall  of  1917  the  German  Admiralty  ordered  one 
of  its  airships  to  undertake  a  relief  expedition  in  behalf 
of  the  German  force  that  was  surrounded  by  the  Allies  in 
East  Africa.  Accordingly  the  naval  Zeppelin  L59,  after 
having  been  loaded  up  with  some  20  tons  of  munitions 
and  stores,  left  Jamboli,  Bulgaria,  at  8 :35  a.  m.,  Nov.  21, 
heading  for  East  Africa.  The  airship  proceeded  as  far 
as  Khartum,  Egypt,  which  she  reached  in  the  early 
morning  of  Nov.  23,  when  she  received  a  radio  message 
from  the  German  Admiralty,  ordering  her  to  return,  as 
the  force  to  be  relieved  was  reported  to  have  surrendered. 
The  L59  thereupon  put  back  to  Jamboli,  where  she  ar- 
rived without  any  untoward  incident  on  the  morning  of 
Nov.  25,  having  covered  in  the  course  of  her  4-day  cruise 
a  distance  estimated  at  4500  statute  miles  or  7300  km. 

Possibilities  of  Long  Distance  Flight 

As  the  shortest  distance*  between  America  and  Europe, 
from  St.  John's,  N.  F.,  to  the  southwest  coast  of  Ire- 
land, is  somewhat  less  than  2000  English  miles,  it  is 
obvious  that  an  airship  of  the  L59  class  could,  with  the 
crew  of  twenty-two  and  some  20  tons  of  cargo  she  carried 


British  Coastal  Airship,  Astra-TorrSss  Type,  with  One  110-Hp. 

13RRLIOT   Engine   Forward,   One   260-Hp.    Fiat   Engine   Aft,   One 

Tractor  and  One  I*usher  Airscrew 
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on  that  memorable  cruise,  easily  cross  the  Atlantic  both 
ways  without  even  refuelling.  In  view  of  such  a  voyage 
the  best  airplane  performance  naturally  dwarfs  to  a  con- 
siderable degree;  nor  is  there  an3rthing  extraordinary  in 
the  report  that  the  Zeppelin  Co.  is  engaged  in  building 
an  airship  of  116  gross  lift  tons  and  2400  hp.,  which  will 
carry  100  passengers,  46  tons  of  cargo,  and  30  tons  of 
fuel  and  provisions  across  the  Atlantic,  of  course  if  Mar- 
shal Foch  will  permit  it. 

But  it  does  not  seem  likely  that  we  shall  have  to  wait 
for  a  German  airship  to  open  up  the  aerial  route  across 
the  Atlantic,  for  some  recent  information  at  hand  tends 
to  show  that  a  British  rigid  airship  will  attempt  this 
venture  as  soon  as  favorable  weather  sets  in,  that  is, 
sometime  in  the  coming  spring. 

I  now  propose  to  answer  some  of  the  principal  object- 
tions  which  are  made  against  the  use  of  airships  in 
passenger  transportation,  for  I  do  not  think  anyone 
familiar  with  the  subject  can  deny  their  great  potentiality 
as  a  military  weapon  since  American  chemists  have  suc- 
cessfully overcome  the  problem  of  producing  a  non-in- 
flammable lifting  gas,  helium,  in  large  quantities  and  at 
a  comparatively  low  cost.  One  of  these  is  that  the  com- 
paratively low  speed  of  airships  makes  these  craft  less 
independent  of  adverse  winds,  and,  therefore,  less  reliable 
in  operation  on  a  schedule  than  the  airplane.  Airships 
have  not  yet  exceeded  a  speed  of  80  miles  per  hr., 
whereas  airplanes  have  made  speeds  of  over  150  miles 
per  hr..  from  which  the  inference  is  naturally  drawn  that 
heavier-than-air  craft  will  prove  much  more  reliable  and 
advantageous  as  time-savers  in  aerial  transport  than 
lighter-than-air  craft.  Arguments  of  this  sort  are,  how- 
ever, highly  misleading,  because  speed  alone  cannot  be 
considered  the  sole  criterion  of  commercial  utility;  in 
considering  aircraft  for  the  purpose  of  transporting  pas- 
sengers and  freight  the  element  of  speed  must  be  jointly 
examined  with  the  load  carried  and  the  cruising  radius. 

Referring  again  to  the  figures  given  before,  it  appears 
that  the  best  existing  all-round  airplane,  the  DH-lOa, 
can  fly  at  a  speed  of  125  miles  per  hr.  for  14  hr.,  that  is, 
in  still  air,  over  a  distance  of  1750  miles;  while  the  best 
existing  airship,  the  L71,  can  fly  at  a  cruising  speed  of 
45  miles  per  hr.  for  177y2  hr.,  or  71/2  days,  that  is,  in  still 
air,  over  a  distance  of  7987.5  miles,  or  roughly  8000  miles. 
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A  comparison  of  these  figures  strongly  emphasizes  the 
point  that  the  airplane  is  mainly  a  high-speed  short 
distance  carrier,  while  the  large,  rigid  airship  is  essen- 
tially a  medium-speed  long-distance  carrier;  either  type 
of  aircraft  has  therefore  its  well  appointed  sphere  of 
activity  in  aerial  navigation.  Airships  can  be  employed 
to  best  advantage  on  routes  exceeding  1000  miles  in 
length,  while  airplanes  will  prove  useful  on  trips  of  shorter 
distances,  where  the  time  employed  in  putting  off  and 
taking  on  passengers  and  in  refuelling  would  curtail  the 
saving  of  time  effected  by  aerial  travel. 

Fields  of  Airplanes  and  Airships 

It  has  therefore  been  suggested  that  airships  should 
mainly  be  employed  in  transcontinental  and  transoceanic 
traffic,  while  airplanes  could  be  used  for  feeding  the  air- 
ship terminals  with  passengers  hailing  from  places  sev- 
eral hundred  miles  distant.  In  this  way  the  airship  would 
compete  with  the  steamship,  and  the  airplane  with  the 


After   Portion   of  the   Car,  and   Enoinb   Installation    op  the 

NS7 
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Forward    Portion    of    thb    Car   op    the    British    Airship    NS7 

(North  Ska  Class). 

Note  Bombs  Carried  under  the  Floor 


railroad  train;  the  saving  of  time  would  in  either  case 
amount  to  at  least  50  per  cent. 

The  great  endurance  and  cargo  capacity  of  airships 
are  not,  however,  the  only  features  that  make  them  par- 
ticularly desirable  for  the  long-distance  transportation 
of  passengers  and  freight.  One  of  the  important  points 
in  favor  of  lighter-than-air  craft  is  that  they  afford  a  de- 
cidedly greater  element  of  safety  than  heavier-than-air 
craft,  because  an  airship  can  stay  aloft  regardless  of  en- 
gine failure,  whereas  a  stoppage  of  the  airplane's  power- 
plant  necessitates  an  immediate  descent  in  gliding  flight. 
Now,  there  is  no  inherent  danger  in  such  a  descent,  pro- 
vided suitable  landing  grounds  are  available  at  given  dis- 
tances; but  until  a  chain  of  numerous  landing  stations 
is  created  along  the  lanes  of  future  aerial  travel,  some 
risk  will  be  involved  in  public  transportation  by  airplane 
especially  over  wooded  and  marshy  country  and  over 
the  ocean.  It  is  in  transoceanic  traffic  that  the  greatest 
future  of  the  airship  seems  to  lie,  because  there  compe- 
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tition  with  the  existing  means  of  transport  will  be  much 
easier  owing  to  the  low  speed  of  steamships,  if  compared 
to  railroad  trains,  and  because  alighting  in  a  stiff  gale 
is  not  at  all  pleasant  to  visualize. 

Still  another  factor  which  seems  to  favor  lighter-than- 
air  craft  in  public  transportation  over  long  distances  is 
that  the  requirements  of  comfort  can  be  attained  much 
easier  than  on  heavier-than-air  craft.  First  of  all,  weight 
is,  comparatively  speaking,  a  matter  of  minor  import- 
ance oh  airships  because  of  their  great  buoyancy;  and 
secondly,  the  large  size  of  the  hull  affords  better  oppor- 
tunities for  fitting  not  only  spacious  staterooms,  lounges, 
etc.,  but  of  fitting  them  so  that  they  will  be  sufficiently 
removed  from  the  engines  and  airscrews  to  actually 
suppress  the  resulting  vibration  and  noise.  Furthermore, 
a  promenade  deck  of  several  hundred  feet  in  length  can 
be  provided  on  top  of  the  hull.  All  these  may  seem 
minor  matter?,  but  they  should  not  be  overlooked,  for 
the  mere  saving  of  time  will  not  attract  a  large  section  of 
the  traveling  public  to  aerial  transportation  unless  a 
sufficient  amount  of  comfort  be  afforded  as  well. 

Position  of  United  States  on  Development 

.  The  question  now  arises,  since  the  value  of  airships  for 
commercial  purposes  seems  to  have  been  sufficiently  out- 
lined, where  does  this  country  stand  in  the  development 
of  lighter-than-air  craft?  To  date  only  small  size  non- 
rigid  airships  have  been  built  in  the  United  States,  and 
this  exclusively  for  the  needs  of  the  Navy.    These  ves- 


Thb  British  Rigid.  Airship  R24,  a  Vessel  of  Pre- War  Zeppelin 
Type,  Notable  por  Its  External  Keel 
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sels  subdivide  into  two  classes,  the  so-called  ''Blimps/' 
or  submarine  scouts,  and  the  Coastal,  or  G-class  ships; 
the  former  have  a  capacity  of  about  100,000  cu.  ft.  and  a 
single  engine  of  100  to  150  hp.,  driving  a  tractor  or  pusher 
screw,  while  the  latter  displace  about  200,000  cu.  ft.  and 
are  driven  by  two  150-hp.  eftgines  and  twin  screws.  Al- 
though both  types  are  adaptations  of  British  designs, 
various  improvements  have  been  introduced  in  these  ships 
by  American  manufacturers,  particularly  in  the  develop- 
ment of  the  larger  type,  which  can  be  considered  as  a 
distinctly  American  product.  This  is  especially  notice- 
able in  the  rigging  of  the  car  to  the  hull,  which  is  of 
the  finger  patch  system  on  the  American  Coastals,  whereas 
in  the  British  C-class  vessels  the  car  is  rigged  to  an  in- 
ternal "rope  girder"  which  is  kept  in  tension  by  the  taut- 
ness  of  the  hull  This  rope  girder  is  of  triangular  form 
in  transverse  cross-section,  the  apices  of  the  triangles 
being  secured  to  the  intersection  lines  of  the  three-lobed 
huU. 

A  larger  type  of  non-rigid  airship,  which  the  British 
have  developed  for  scout  work  with  the  fleet,  is  the  North 
Sea  class.  These  ships  have  a  capacity  of  360,000  cu.  ft., 
twp  260-hp.  engines,  and  a  full-speed  endurance,  at  67.6 
miles  per  hr.,  of  20  hr.;  they  carry  a  crew  of  ten.  So 
far  no  corresponding  type  has  been  produced  in  this 
country,  and  the  same  remark  applies  to  the  large  rigid 
ships  Great  Britain  has  been  developing  with  great  stead- 
iness since  the  war.  One  of  these  vessels,  the  R33,  which 
is  reported  to  be  awaiting  the  completion  of  certain  ar- 
rangements prior  to  attempting  to  cross  the  Atlantic, 
has  a  capacity  of  2,000,000  cu.  ft.,  five  engines  giving  a 
total  horsepower  of  1250,  and  a  full  speed  of  about  70 
miles  per  hr. ;  her  crew  numbers  twenty. 

In  a  report  recently  made  to  Secretary  of  the  Navy 
Daniels  on  the  aeronautical  needs  of  the  Navy  Admiral 
Mayo  pointed  out  that  the  latest  British  rigids  possess 
an  endurance  of  well  over  200  hr.,  which  would  give  them 
a  range  "safely  across  the  Atlantic  and  return  in  any 
weather  except  the  worst  storms."  Therefore  the  con- 
struction of  four  rigids,  each  to  cost  $1,500,000,  was 
recommended  and  due  provision  has  since  been  made  for 
this  purpose  in  the  Naval  Appropriation  Bill. 

While  the  Navy  has,  since  the  war,  been  in  the  van  of 
lighter-than-air   development,    it   would  seem   desirable 
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Tub  After  Car  of  thb  R29,  with  Its  SwrvxL-MouNTSD  Airscrbws 

that  American  engineering  firms  also  pay  some  attention 
to  this  phase  of  aeronautical  progress,  particularly  as 
regards  the  construction  of  rigid  airships,  that  a  repeti- 
tion of  the  aerial  unpreparedness  which  characterized  this 
country  two  years  ago  may  be  prevented  in  case  of  future 
emergencies.  Since  a. non-inflammable  lifting  gas  has 
become  available,  of  which  the  United  States  possesses 
an  almost  unlimited  supply,  the  airship  promises  to  play 
in  future  conflicts  a  much  more  important  rdle  than  in 
the  Great  War,  great  as  this  has  been.  But  even  if 
future  wars  should  be  made  impossible,  the  United  States 
will  need  a  large  fleet  of  rigids  for  the  demands  of  fast 
long-distance  transport,  unless,  of  course,  this  country 
prefers  to  see  this  traffic  go  to  airships  flying  foreign 
flags. 
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AIRCRAFT  RADIATORS 

By  Archibald  Black* 

THIS  paper  describes  the  various  types  of  radiator  in- 
stallations in  use.  Tabulated  data  on  several 
makes  of  radiation  and  on  successful  airplane  radiator 
installations  are  given.  A  brief  review  of  laboratory 
tests  is  made  and  the  features  to  he  considered  in  de- 
sign and  manufacture  are  discussed.  The  author  con- 
cludes by  cautioning  engineers  against  attempting  to 
base  new  designs  entirely  upon  experimental  data,  with- 
out comparing  the  tentative  design  with  existing  suc- 
cessful installations. 

The  earliest  radiator  used  on  a  successful  airplane 
for  the  cooling  ^of  an  internal-combustion  engine 
was  the  flat-tube  type  installed  on  early  Wright 
machines.  This  radiator,  which  was  very  much  the  same 
as  the  one  used  on  the  Wright  Model  B,  consisted  of  flat 
tubes  set  vertically  between  the  wings  of  the  machine, 
as  is  clearly  shown  in  the  illustration. 

Closely  following  the  Wrights,  the  Aerial  Experimeni 
Association,  consisting  of  Glenn  H.  Curtiss,  Dr.  Graham 
Bell,  J.  A.  D.  McCurdy  and  others,  built  the  "June  Bug," 
a  small  biplane,  using  a  honeycomb  radiator  mounted  in 
front  of  and  slightly  higher  than  the  engine,  in  a  man- 
ner only  slightly  different  from  sOme  of  our  present  prac- 
tice. An  early  U.  S.  Navy  plane  with  an  installation  of 
this  type  is  shown  in  one  of  the  illustrations. 

Over  in  France  Le  Vavasseur  installed  on  the  An- 
toinette monoplane  a  radiator  consisting  of  a  series  of 
long  tubes  running  fore  and  aft  and  mounted  on  the  side 
of  the  fuselage. 

The  three  types  just  described  are  so  thoroughly  tjrpical 
of  the  various  early  installations  that  it  appears  unneces- 
sary to  refer  to  any  others,  and  the  remainder  of  this 
paper  will  therefore  be  confined  to  existing  practice. 

Modern  Radiator  Installations 

In  general,  six  tjrpes  of  mountings  for  aircraft  radi- 
ators are  used  today  and  a  brief  description  with  illus- 
trations of  typical  cases  follows. 


'Aeronautical  mechanical  engineer.  Navy  Department,  Washington. 
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Type  1  The  installation  of  the  radiator  in  front  of 
the  engine  and  on  the  nose  of  the  airplane  fuselage  is  one 
of  the  commonest  of  present  methods  of  disposing  of  this 
question.  The  radiator  is  of  the  honeycomb  type  and 
part  of  the  radiation  is  cut  away  to  permit  the  crank- 
case  extension  to  project  through. 

The  Christofferson  tractor,  L-W-F  model  V,  and  also 
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the  Curtiss  models  JN-4  and  R-4  are  typical  examples 
of  this  mounting  and  a  similar  radiator  is  used  on  the 
LWF  model  V-1.  In  addition  to  these  radiators,  there  is 
a  fuselage  nose  radiator  in  which  the  radiation  has  been 
bent  to  a  curve. 

Type  2  An  installation  used  largely  on  pusher-type 
flying  boats  places  the  radiator  in  front  of  the  engine. 
The  Curtiss  model  HS-2-L  is  an  excellent  example  of  this 
type. 

Type  3  An  installation  much  used  on  German  air- 
planes and  also  used,  but  not  extensively,  in  this  coun- 
try, is  the  mounting  of  the  radiator  on  or  just  below  the 
nose  of  the  upper  vTing.  The  Sturtevant  and  the  L-W-P 
model  G-2  radiators  are  examples  of  American  applica^ 
tions.  It  should  be  noted  that  the  upper  water  pocket  of 
each  of  these  radiators  forms  the  nose  of  the  upper  wing, 
thus  eliminating  the  air  resistance  of  this  podset.  This 
improvement  was  introduced  by  the  Sturtevant  Aero- 
plane Co. 

Type  4  Another  installation  popular  in  this  country 
at  one  time,  but  discarded  of  late,  calls  for  the  placing  of 
a  tall,  narrow,  honeycomb  radiator  above  the  engine  and 
extending  to  and  often  above  the  upper  wing.  The 
Wright-Martin  model  R  and  the  Standard  model  J  are 
good  examples  of  this. 

Type  5  Another  method  not  now  in  use  was  to  place 
the  radiators  on  each  side  of  the  fuselage.  The  Aero- 
marine  training  model  is  an  excellent  example  of  this 
tyx>e.  The  Standard  installaticfh  is  a  compromise  be- 
tween this  and  the  previous  method. 

Type  6  The  latest  development  in  radiator  installa- 
tion, introduced  in  the  last  two  years  by  the  German 
Albatross  designers,  consists  of  setting  the  radiator  in 
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the  upper  wing  and  in  some  cases  making  it  conform  to 
the  wing  curve.  This  installation  in  my  opinion  may  be- 
come the  ultimate  solution  of  the  radiator  problem,  as 
it  has  much  to  commend  it.  It  sometimes  introduces 
structural  difficulties  through  interference  with  the  in- 


Radiator  Used  on  the  Antoinette  Monoplane 

ternal  wing  wiring,  but  these  difficulties  are  by  no  means 
insurmountable. 

The  Albatross,  a  tubular  type,  and  the  Le  Pere,  a  flat 
plate  type  of  radiator,  will  be  described  in  detail  later  in 
this  paper. 

Some  wing-curve  radiators  have  been  constructed  out 
of  standard  honeycomb  radiation.  The  L-W-F  model 
G-2  experimental  radiator  is  a  good  example.  While  this 
radiator  was  a  trifle  too  small,  it  proved  that  honeycomb 
radiators  could  be  used  successfully  in  this  manner.  The 
Garford  Co.,  Elyria,  Ohio,  and  Capt.  V.  E.  Martin  have 
also  tried  some  similar  experiments. 

Modern  Types  of  Radiation 

Honeycomb  The  honeycomb  type  of  radiation  is  at 
present  the  most  used,  largely  on  account  of  its  adapta- 
bility and  of  the  fact  that  it  is  well  suited  to  large  pro- 
duction at  moderate  cost.  It  is  made  in  a  considerable 
number  of  forms,  by  many  American  manufacturers. 
The  Gallay  radiation  is  made  by  a  British  firm.     The 
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Flexo  radiation  is  more  or  less  flexible.  The  Harrison 
tubular,  Multitube  and  similar  forms  are  built  up  by 
soldering  small  tubes  together.  This  latter  type  of  ra- 
diation has  been  standardized  by  the  British  because  of 
its  manufacturing  advantages  and  performance.  Table 
1  gives  the  characteristics  of  several  American  types  of 
honeycomb  radiation.  The  sections  referred  to  are 
drawn  slightly  out  of  proportion  to  show  the  water  spaces 
clearly. 

Tubtdar  The  use  of  the  tubular  type  of  radiation, 
consisting  of  water  tubes  with  radiating  fins,  has  been 
largely  confined  to  installations  where  the  radiator  is 
mounted  on  the  side  of  the  body.    This  type  of  radiation 
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is  not  used  extensively  in  aircraft  at  present,  for  reasons 
which  will  be  stated  later.  Table  2  gives  the  character- 
istics of  the  Rome-Turney,  an  American  type  of  tubular 
radiation. 

Albatross  The  following  data  obtained  from  the  ra- 
diator of  a  captured  Albatross  machine  may  be  of  in- 
terest. The  radiator  consisted  of  650  flattened  copper 
tubes  running  laterally  across  an  opening  in  the  wing. 
Water  entering  the  upper  part  of  the  right-hand  water 
pocket  flowed  through  the  upper  tubes  to  the  left-hand 
water  pocket  and  returned  through  the  lower  tubes  to 
the  lower  part  of  the  right-hand  pocket.  The  top  and 
bottom  of  water  pockets  were  designed  to  set  flush  with 
the  wing  surfaces,  and  the  radiator  was  supported 
by  cast  brackets,  riveted  to  the  water  pockets,  which 
rested  on  the  wing  beams.  As  stated,  the  tubes  were 
flat  and  the  flat  sides  were  set  at  an  angle  of  about  40  deg. 


TABLE  2 — CHARACTERISTICS  OF  A  TYPICAL  AMERICAN   MAKE  OF 
TUBULAR  RADIATION 
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52.23 
73.03 
73.03 
89.54 
89.54 
144.77 


0.174 
0.219 
0.243 
0.286 
0.317 
0.641 


0.038 
0.038 
0.035 
0.070 
0.067 
0.152 


to  the  wing  chord.  An  expansion  tank  was  provided  at 
the  front. 

The  weight  of  the  radiator  was  27y2  lb.  and  it  held  2% 
gal.  of  water.  It  was  used  in  conjunction  with  the  Mer- 
cedes 160-b.hp.  engine  and  a  %-in.  connection  was  made 
between  the  rear  cylinder  and  the  radiator  expansion 
tank  to  prevent  a  steam  pocket  when  diving,  the  main 
water  connection  being  made  to  the  front  of  the  engine. 

The  areas  pf  the  radiator,  probably  the  lowest  per 
brake  horsepower  on  record,  worked  out  as  follows,  based 
on  160  b.hp. : 
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Fuselage  Nose  Radiator  on  the  L-W-F  Model  V  Airplane 

Area  of  tubes 45.66   sq.  ft.  =  0.286   sq.  ft.  per 

b.hp.  of  eng^ine 
Area  of  exposed  casing:. .  2.965  sq.  ft.  =  0.0186  sq.  ft  per 

b.hp.  of  eng^ine 


Total  area 48.615  sq.  ft.  =  0.3035  sq.  ft.  per 

b.hp.  of  eng^ine 

Plate  The  plate  type  of  radiation,  such  as  is  used 
in  the  Le  Pere  radiator,  consists  of  hollow  flat  plates 
through  which  the  water  circulates,  while  the  air  passes 
between  them.  In  general  it  is  made  up  of  a  series  of 
these  hollow  plates  set  parallel,  on  edge,  and  spaced  about 
9/32  in.  center  to  center.  The  plates  are  connected  to 
distributing  and  collecting  headers  and  are  built  up  out 
of  two  flat  and  parallel  sheets  of  copper  separated  by  a 
central  corrugated  copper  sheet.  The  process  of  manu- 
facture, which  is  very  ingenious,  is  as  follows:  The  two 
flat  and  the  center  corrugated  plates  are  clamped  to- 
gether with  sheets  of  solder  foil  between  the  copper 
sheets.  The  temperature  is  then  raised  to  above  the 
melting  point  of  the  solder  and  the  foil  fuses,  fastening 
the  three  plates  together.  The  completed  plates  are  then 
assembled  with  the  collecting  and  distributing  pockets. 
The  central  corrugated  sheet  makes  the  plates  sufficiently 
rigid  to  eliminate  the  necessity  for  external  bracing. 
This  construction  is  a  French  invention.  Data  on  some 
radiators  of  this  type  are  given  in  Table  8. 
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Although  this  type  Qf  radiation  has  been  used  in  this 
country  only  in  the  Le  Pere  and  U.S.D.-9  radiators, 
both  of  which  are  set  into  the  upper  wing,  it  is  also  well 
adapted  to  other  methods,  such  as  mounting  on  the  side  of 
the  body,  or  below  the  upper  wing,  etc.  It  is  a  very  effi- 
cient type. 

Theory 

In  his  several  papers  (references  Nos.  5,  6,  7  and 
8 — see  list  appended  to  this  paper)  F.  W.  Lanches- 
ter,  the  English  engineer,  has  developed  the  theory  of 
cooling  cylinders  of  internal-combustion  engines  with 
the  thoroughness  which  has  characterized  his  many  con- 
tributions to  engineering  knowledge.     His  discussions. 
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it  might  be  mentioned,  include  direct  radiation,  as  is 
used  in  the  air-cooled  engine,  as  well  as  indirect  or  water 
cooling. 

A  shorter  discussion  of  radiator  theory  will  be  found 
in  the  article,  "Notes  on  Radiators  for  Airplanes,"  by 
Lieut.-Gommander  J.  C.  Hunsaker,  U.  S.  N.  (reference 
No.  2).  This  paper,  although  written  early  in  1916,  is 
very  complete  and  contains  some  very  interesting  matter. 
Among  other  things  he  discusses  the  possibility  of  us- 
ing a  steam  cooling  system  and  shows  that  from  the 
point  of  view  of  size  of  radiator  it  would  have  some  ad- 
vantages. Against  this  must  be  considered  the  fact 
that  an  engine  operating  at  the  high  temperature  re- 
quired would  most  probably  show  a  slight  decrease  in 
horsepower,  and  also  that  the  use  of  a  steam  cooling 
system  would  greatly  increase  the  danger  of  faulty  cir- 
culation. It  would  be  necessary  to  construct  a  radiator 
capable  of  withstanding  considerable  internal  pressure 
in  case  of  a  rapid  rise  in  temperature  and  consequently 
in  pressure. 

Table  3  gives  tabulated  results  of  the  performance  of 
a  number  of  radically  different  installations  of  airplane 
radiators.  It  has  not  been  possible  to  obtain  complete 
data  on  each  installation,  but  as  much  as  could  be  ob- 
tained has  been  given.  A  few  of  the  cases  are  a  little 
out  of  date,  as  the  tabulation  was  begun  about  three 
years  ago.  Where  the  data  are  not  considered  reliable 
this  has  been  noted. 

Section  Technique  Aeronautique  Tests 

The  French  Section  Technique  Aeronautique  made  in 
1917  a  very  extensive  series  of  laboratory  tests  on  air- 
craft radiators,  the  results  of  which  are  given  in  their 
various  reports.  Unfortunately,  owing  to  the  confidentitd 
nature  and  source  of  these  data,  it  is  not  permissible  to 
include  in  this  paper  ansrthing  more  than  some  very 
general  comments.  Copies  of  the  reports  cited,  however, 
are  in  possession  of  both  Navy  and  Army,  and  accessible 
to  those  connected  with  these  Government  departments, 
and  the  June,  1918,  issue  of  the  publication  popularly 
known  as  the  McCook  Field  Bulletin  contains  a  very  com- 
plete rSsumS  of  the  reports  (reference  No.  12).  This 
latter  publication  is  available  to  the  engineers  of  all  con- 
tractors engaged  on  U.  S.  Government  aircraft  work  and 
they  are  referred  to  it  for  the  details  of  tests. 
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The  tests  included  almost  every  type  of  honeycomb 
and  some  types  of  tubular  and  plate  radiators.  All  of 
the  tubular  radiators  offered  more  head  resistance  than 
the  other  types,  some  ten  times  as  much,  without  a  cor- 
responding increase  in  radiation,  although  the  highest 
dissipation  of  heat  per  unit  area  was  shown  by  this  type. 
The  addition  of  fins  to  the  tubes  greatly  increased  the  ra- 
diation with  only  a  slight  increase  in  head  resistance. 
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This  increased  dissipation,  however,  did  not  by  any  means 
offset  the  disadvantage  of  the  high  resistance  and  weight 
of  this  type,  and  tubular  radiators  can  therefore  be  con- 
sidered unsuitable  for  use  in  aircraft. 

Among  the  radiators  showing  the  best  all-around  per- 
formance, based  on  the  horsepower  required  to  carry  the 
radiator  and  to  overcome  its  resistance  at  90  miles  per 
hr.,  for  a  given  water  flow,  temperature  difference  and 
heat  dissipation,  were  the  follovnng,  in  the  order  of 
their  merit: 

(1)  Honeycomb  radiator  with  air  cells  0.42  in.  by  0.42 
in.  by  3.55  in.  deep 

(2)  Honeycomb  radiator  with  air  cells  0.441  in.  hex- 
agon by  6.3  in.  deep 

(3)  Honeycomb  radiator  with  odd-shaped  air  celb  3.96 
in.  deep 

(4)  Honeycomb  radiator  with  air  cells  0.441  in.  hex- 
agon by  3.95  in.  deep 

(5)  Plate  type  radiator  constr acted  with  plates  simi- 
lar to  those  used  in  the  Le  Pere  radiator:  air  space, 
6.5  in.  by  0.354  in.  by  23.6  in.  deep 

(6)  (a)  Honeycomb  radiator  with  air  cells  0.316  in.  by 
8.95  in.  deep,  (b)  Plate  type,  the  plates  being 
wavy,  water  tabes,  air  space  11.8  in.  by  0.71  in.  by 
15.8  in.  deep 

(7)  Honeycomb  radiator  with  air  cells  0.364  in.  by 
0.354  in.  by  8.65  in.  deep 

(8)  Honeycomb  radiator  with  air  cells  0.276  in.  hexagon 
by  3.95  in.  deep 

As  the  last  case  requires  only  about  6  per  cent  more 
horsepower  than  the  first,  it  will  be  seen  that  there  is 
little  to  choose  between  any  of  the  above  types  so  far  as 
overall  usefulness  is  concerned.  Other  considerations, 
however,  such  as  limited  space,  might  influence  the  choice 
of  a  type. 

Of  the  numerous  radiators  tested,  among  those  making 
the  poorest  showing  (under  the  conditions  previously 
outlined)  were  all  of  the  tubular  type  radiators  and  some 
honeycomb  tjrpe  radiators  which  had  their  air  cells  di- 
vided diagonally  by-  sheet  metal  spacers  or  fins.  Thus 
we  observe  that  while  the  addition  of  fins  is  an  advantage 
in  the  tubular  type  it  is  a  distinct  disadvantage  in  the 
honeycomb  type. 

It  might  be  mentioned  that  the  difference  in  merit  be- 
tween these  poor  radiators  and  the  good  ones  previously 
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mentioned  is  very  great.  The  efficiency  of  the  radiators 
was  found  in  many  cases  to  fall  rapidly  if  the  flovir  of 
water  was  reduced  to  a  low  figure;  in  other  cases  this 
was  found  to  be  of  less  importance.  Although  great 
variation  was  shown  by  the  different  radiators  it  would 
appear  that  the  flow  should  not  be  less  than  0.6  to  0.7 
gal.  per  min.  per  sq.  ft.  of  surface  for  any  type  of  honey- 
comb or  plate  radiator.  This  is  a  little  more  than  is  al- 
lowed on  some  of  our  large  engines  in  this  country.  For 
tubular  radiators  a  considerably  higher  rate  of  flow  ap- 
pears to  be  necessary.  This  is  to  be  expected  when  we 
consider  that  the  dissipation  per  square  foot  is  greater 
for  the  tubular  type. 

This  relation  between  dissipation  and  flow  has  an  im- 
portant bearing  on  the  use  of  the  by-pass  system  of 
regulation.  A  study  of  the  curves  of  dissipation  plotted 
against  flow  shows  that  while  the  by-pass  regulation 
might  be  used  successfully  with  one  or  two  of  the  types 
of  radiators,  it  will  have  little  value  in  others  on  account 
of  the  rather  sudden  drop  in  dissipation  at  a  certain 
point.  On  the  whole,  the  system  of  shutting,  off  the  flow 
of  air  in  preference  to  water  appears  to  be  the  more  re- 
liable, as  a  sudden  drop  in  temperature  might  cause 
freezing  of  the  radiator. 

The  relation  between  depth  of  radiator  and  heat  dis- 
sipation evidently  varies  greatly  according  to  the  de- 
sign. If  we  consider  one  particular  design,  a  honey- 
comb radiator  using  0.354-in.  square  air  cells,  we  find 
that  the  curve  of  dissipation  rises  rapidly  with  the  depth 
up  to  about  8  in.  and  falls  off  for  depths  over  9  in.  Thin 
walled  tubes  were  found  to  be  the  most  efficient,  but  the 
difference  was  not  of  consequence. 
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Tests  made  oh  radiators  housed  in  the  rear  in  a  man- 
ner similar  to  nose  installation  in  a  fuselage  showed  that 
the  radiation,  as  would  be  expected,  is  less  than  that  of 
a  fully  exposed  radiator.  For  an  opening  in  the  rear 
equal  to  72  per  cent  of  the  air  space  in  the  radiator  the 
dissipation  was  about  75  per  cent  that  of  the  fully  ex- 
posed radiator;  for  an  opening  equal  to  82  per  cent  it 
was  about  55  per  cent. 

Later  tests  appeared  to  show  that  for  an  opening  equal 
to  the  air  space  the  dissipation  was  only  65  per  cent. 
These  results  should  be  used  with  caution  in  designing,  as 
in  testing  it  was  not  practicable  to  duplicate  exactly 
conditions  found  in  the  full-size  machine,  such  as  heat 
radiation  from  the  engine  itself,  etc. 

The  reports  give  the  actual  radiation  and  resistance 
for  each  type  tested  so  that  it  is  possible  to  calculate  ap- 
proximately the  surface  required  for  an  installation 
where  the  radiator  is  not  masked  and  where  the  re- 
quired dissipation,  air  speed,  flow  of  water  and  tempera- 
ture difference  are  known.  By  use  of  the  results  of  the 
fuselage  nose  installation  and  comparison  of  the  calcu- 
lations with  Table  3,  or  similar  data,  the  required  area 
for  fuselage  installation  can  be  approximately  estimated. 

The  curves  of  radiator  performances  as  reprinted  in 
the  McCook  Field  BvUetin  (reference  No.  12)  have  been 
converted  to  the  English  system  of  units,  thus  rendering 
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them  very  convenient  for  the  average  American  designer 
who  has  not  acquired  the  habit  of  "thinking  in  metric." 
Heat-balance  tests  indicated  that  the  heat  dissipated  by 
the  cooling  system,  exclusive  of  direct  radiation  in  an 
airplane,  amounted  to  about  15  to  20  per  cent  of  the 
heat  value  of  the  fuel  consumed.  This  figure  does  not  by 
any  means  check  vnth  the  British  and  other  test  re- 
sults discussed  later  in  this  paper,  and  I  reconmiend 
using  the  British  values  until  further  information  is 
received. 

Britxsh  Radiator  Tests 

In  1915  the  British  Admiralty  and  in  1916  the  Royal 
Aircraft  Factory  conducted  numerous  tests  on  aircraft 
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The  Flexo  Radiator  designed  for  Mounting  above  the  Engine  as 
It  Appears  when  Removed  from  the  Machinb 

radiators.  The  data  are  in  the  possession  of  the  U.  S. 
Army  and  Navy  and  the  results  of  the  various  tests  are 
assembled  and  reviewed  at  length  in  the  McCook  Field 
Bulletin,  October,  1918  (reference  No.  13),  and  briefly  in 
U.  S.  Navy  Aircraft  Technical  Note  No.  13  (reference 
No.  9). 

As  was  the  case  with  the  French  reports,  previously 
referred  to,  these  are  also  of  a  confidential  nature  and 
origin  such  that  it  is  not  permissible  to  give  here  as  de- 
tailed a  review  as  could  be  desired.  However,  as  in  the 
previous  case,  a  few  comments  will  be  made  and  atten- 
tion is  called  to  the  fact  that  the  complete  review  (ref- 
erence No.  13)  is  available  to  engineers  of  U.  S.  Govern- 
ment aircraft  contractors. 

A  number  of  the  radiators  tested  were  of  full  size  as 
actually  used  in  practice,  the  remainder  being  smaller 
blocks  made  for  test  purposes.  The  results  of  tests  on 
the  small  blocks  appear  to  check  fairly  well  with  those  on 
full-size  radiators. 

The  radiators  giving  the  greatest  dissipation  per  unit 
area  under  equal  conditions  were,  in  order 

(1)  A  tubular  type  using  staggered,  approximately 
streamlined  tubes 

(2)  A  tubular  type  using  round  tubes  with  spiral  fins 

(3)  A  honeycomb  type  formed  by  assembling  thin  water 
tubes  bent  to  about  "sine  wave"  form 

(4)  A  full-size  honeycomb  radiator  of  almost  square 
face  and  having  air  cells  measuring  0.275  in.  by 
0.275  in.  by  4  in.  deep 

The  radiators  giving  the  best  all-around  performance, 
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considering  weight,  resistance  and  dissipation,  the  speed 
not  being  stated,  were,  in  their  order  of  merit 

(1)  Full-size  radiator  using  thin  wavy  water  tubes  set 
on  edge  and  5  in.  deep 

(2)  Full-size  radiator  of  flat  straight  tubes  1/16  in.  by 
9/16  in.  set  on  edge  to  form  strips  14  in.  deep  in 
the  direction  of  air  flow 

(3)  Honeycomb  (small  block)  0.4-in.  diameter  round 
air  cells  4.75  in.  deep 

(4)  Honeycomb  (small  block)  0.35-in.  diameter  round 
air  cells  4  in.  deep 

(5)  Honeycomb  (small  block)  0.475-in.  diameter  round 
air  cells  4  in.  deep 

As  the  range  of  difference  is  between  6  and  7  per  cent 
there  is  little  to  choose  between  these  so  far  as  merit  is 
concerned. 

A  full-size  radiator  with  a  hole  in  the  center,  for  the 
extension  of  the  crankcase  on  the  propeller  end  of  the 
engine,  and  similar  to  the  ordinary  type  installed  in  front 
of  the  engine,  was  tested.  This  radiator  showed  a  merit 
of  only  about  80  per  cent  that  of  a  square  radiator  with- 
out the  hole  and  having  the  same  type  of  radiation.  De- 
signers are  cautioned,  however,  against  drawing  too  gen- 
eral conclusions  from  this  single  test. 


The  Aeromarine  Training  Model  Equipped  with  Side  Radiators 
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An  Early  Standard  Machine  Showing  the  Side  Radiators 

Two  types  of  radiators  designed  for  installation  on  the 
side  of  a  fuselage,  and  formed  of  staggered  blocks  of 
radiation,  showed  merit  values  of  about  73  per  cent  and 
62  per  cent  that  of  the  best  honeycomb  radiators  of  the 
conventional  type.  This  same  pair  of  radiators  dissi- 
pated heat  per  unit  area  at  almost  exactly  the  same  rate 
as  conventional  radiators  with  the  same  type  of  radia- 
tion. Their  resistances,  however,  were  42  per  cent  and 
28  per  cent  greater  for  equal  dissipation,  which  com- 
parison only  applies  to  the  same  type  of  radiation  and  at 
60  miles  per  hr. 

Honeycomb  radiators  having  0.275-in.  air  tubes  gave 
the  best  results  for  low  speeds,  but  the  increase  in  re- 
sistance gives  this  type  a  disadvantage  at  high  speeds. 
For  very  high  speeds  the  plate  type  appears  to  have  the 
advantage  over  the  honeycomb  type.  For  honeycomb  ra- 
diators a  ratio  of  diameter  to  length  of  air  cells  of  1 :9 
is  recommended  for  50  miles  per  hr.  and  1:14  for  80 
miles  per  hr. 

Resistance  increases  as  the  square  of  the  speed  over  the 
range  with  which  we  are  concerned.  Dissipation  of  heat 
increases  as  the  nth  power  of  the  speed.    The  exponent 
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n  =  0.9  and  shows  a  tendency  to  increase  with  the  speed. 
The  temperature  of  the  radiator  also  increases  the 
resistance  to  some  extent. 


The  L-W-F  Experimental  Wing-Curve  Radiator  for  Model  G-2 

Airplane 


Square  front  radiators  apparently  possess  a  slight  ad- 
vantage over  the  oblong  type  both  in  lower  resistance  and 
increased  dissipation.  Yawing  increases  both  dissipa- 
tions and  resistance  for  moderate  angles,  up  to  about  30 
to  40  deg. 

On  the  whole,  the  better  types  of  honeycomb,  flat  tube 
or  plate  radiators  are  very  satisfactory,  but  it  should 
be  noted  that  the  difference  between  the  good  and  bad  is 
very  great.    All  round  water-tube  radiators  are  out  of 


MuLTiTUBB  Radiators  Used  on  Dirigibles 


Digitized  by 


Google 


ooo 

OOO- 
DOO 


u 

Z  u         « 
.«         ♦* 

2  « 


ll 

TO     8  0) 

M     am 

h 


OQ 


g 

0 


5 

<i 


u.? 


r53 


Digitized  by 


Google 


554  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEEBS 

question  as  was  shown  also  in  the  French  tests.  It  was 
recommended  that  round  tubes  of  10-mm.  (0.394-in.)  di- 
ameter and  120  mm.  (4.73  in.)  long  be  adopted  as  stand- 
ard for  the  construction  of  honeycomb  radiators.  This 
has  since  been  done. 

The  report  suggested  that  the  reserve  water  supply  in 
gallons  be  about  equal  to 

horsepower  X  hours  duration 
"^  1666 

For  a  machine  of  the  DH-4  Liberty  class  having  about  4- 
hr.  duration  this  would  give  about  2  gal.  of  reserve  wa- 
ter. This  is  slightly  in  excess  of  the  amount  which  I 
have  been  accustomed  to  allow,  but  on  the  other  hand, 
radiators  designed  by  me  were  usually  fitted  with  a 
safety  valve  set  to  release  at  about  8  to  4  lb.  per  sq.  in. 
This,  no  doubt,  reduced  the  evaporation  and  loss  of  wa- 
ter greatly. 

Vibration,  such  as  exists  in  the  average  airplane  when 
the  engine  is  running,  was  found  to  increase  dissipation. 
Pending  further  experiments,  this  increase  can  be  taken 
as  being  close  to  10  per  cent. 

The  British  Admiralty  reports  appear  to  favor  the 
by-pass  system  of  regiilation  of  cooling,  but  as  the 
tests  apparently  did  not  include  any  on  the  effects  of 
reduced  water  flow,  the  French  results  should  be  given 
more  weight. 

Heat-balance  tests  on  four  aircraft  engines  in  a  60 
miles  per  hr.  wind  showed  that  the  value  in  horsepower 
of  the  heat  dissipated  by  the  cooling  system  is  within 
2  to  3  per  cent  of  the  brake  horsepower  of  the  engine. 
For  all  practical  purposes  the  horsepower  dissipated  in 
heat  by  the  radiator  can  be  taken  as  1.02  times  the  brake 
horsepower  of  the  engine.  This  figure  appears  to  check 
with  other  tests  (reference  No.  14)  doser  than  the 
French  figures  do,  and  considering  the  fact  that  the  en- 
gines were  exposed  to  a  strong  wind  it  may  be  taken  to 
be  the  most  reliable  which  we  have  up  to  date,  at  least 
until  more  information  regarding  the  French  tests  is  re- 
ceived. It  should  be  noted,  however,  that  the  percentage 
of  heat  units  carried  away  from  the  jackets  may  not  be 
the  same  at  altitudes. 

Bureau  of  Standards  Tests 

For  some  time  past  the  Bureau  of  Standards  at  Wash- 
ington has  been  conducting,  under  the  supervision  of  the 
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aub-committee  on  powerplants  of  the  National  Advisory 
Committee  for  Aeronautics,  an  investigation  of  the  per- 
formance of  aircraft  radiators.  The  reports  are  avail- 
able for  reference  and  will  be  published  very  shortly 
(references  Nos.  23  to  27).  Some  interesting  results  have 
been  accomplished  and  a  few  notes  on  these  are  given. 

A  series  of  tests  was  made  to  determine  the  effects  on 
the  resistance  of  an  airplane,  of  installing  the  radiator 
on  the  nose  of  the  body.  The  resistance  of  a  one-quarter 
size  model  body  was  tested  in  the  wind  tunnel  under  three 
conditions  and  the  results  of  test  are  given  herewith  in 
Table  4. 

TABLE  4— RESISTANCE  OP  ONE-QUARTER  SIZE  MODEL 
BODY 

Resistance     Ratio  of  resist- 
in  lb.  ance  to  that  of 
Case                                                  at  60   miles /^ 


No.  Condition  per  hr.       Case  1  Case  2 

1  Body  without  radiator  and 

crudely  streamlined   1.7  ....  .... 

2  Body  with  radiator  in  place 

on  nose  but  covered  with 

paper    3.6  2.12  

3  Same  as  case  2  except  that 

forward  part  of  body  was 
furnished  with  vents  and 
radiator  was  left  clear 
so  that  air  could  pass 
through    5.6  3.30  1.55 

From  this  test  we  can  make  the  following  notes : 
The  resistance  of  full-size  bodies  at  the  same  speed 
would  be  sixteen  times  the  figures  given  and  can  be  as- 
sumed for  all  practical  purposes  to  increase  with  the 
square  of  the  speed.  As  the  necessity  for  use  of  shutters 
on  the  radiator  becomes  important  only  at  high  speeds^ 
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argcd  Section 
of  Ceil 


Plati  Ttfb  of  Radiator  Which  Is  Sbt  into  Curve  of  the  Upper 
Wing  on  Lb  Pbrb  Machtnbs 

let  US  investigate  the  reduction  in  resistance,  assuming 
that  we  are  able  to  fly  with  the  shutters  entirely  closed, 
a  condition,  however,  which  is  somewhat  more  advan- 
tageous than  is  actually  attained  in  practice. 
For  full  size  machines 

Resistance  at  60  miles  per  hr.  = 

i  Case  2  =  3.6  X  16  =  57.6  lb. 

I  Case  3  =  5.6  X  16  =  89.6  lb. 
Resistance  at  130  miles  per  hr.  = 

130* 

f  Case  2  =  3.6  X  16  X  -J^  =  271  lb. 

L  Case  3  =  5.6  X  16  X  ^  =  421.6  lb. 

Thus  we  find  that  if  we  could  operate  a  machine  at, 
say,  an  altitude  of  several  thousand  feet  with  aU  the 
shutters  closed  we  could  reduce  the  resistance  of  the 
body  by  150.5  lb.,  or  35.7  per  cent.  Translating  this  in- 
to horsepower  saved,  we  have 

150.5  X  5280  X  130  _^.o 
33,000  X  60  ^ 

Although  this  ideal  condition  cannot  be  attained  in 
practice,  the  figures  have  been  given  to  illustrate  the  im- 
portance of  furnishing  fuselage  nose  radiators  with 
shutters  and  using  them  not  only  to  maintain  the  engine 
at  its  best  operating  temperature,  but  also  to  reduce  the 
resistance  of  the  body  at  the  very  time  when  such  reduc- 
tion is  of  the  greatest  importance. 

A  test  was  made  of  Case  3  to  determine  the  speed  of 
air  through  the  radiator,  and  this  was  found  to  be  27 
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miles  per  hr,  as  against  60  miles  per  hr.,  the  speed  of  the 
air  in  the  tunnel.  This  apparently  shows  that  the  higher 
resistance  of  the  model  with  the  open  radiator  and  vents 
is  due  to  work  being  done  in  removing  part  of  the  kinetic 
energy  from  the  air,  or,  as  is  the  case  with  the  full-size 
machine  in  flight,  forcing  the  air  to  move  at  33  miles 
per  hr.  in  the  same  direction  as  the  machine. 

Radiation  from  fins  and  similar  surfaces  not  in  actual 
contact  with  the  circulating  water  was  found  to  be  of 
value  only  for  a  short  distance  out  from  the  water  space, 
and  they  are  not  as  advantageous  as  surfaces  in  actual 
contact  with  the  water.  Consequently  the  use  of  stiffen- 
ing wires,  strips,  etc.,  add  to  resistance  without  increas- 
ing radiation  and  should  be  avoided.  Furthermore,  it 
seems  that  the  radiating  surfaces  should  be  practi- 
cally continuQUs  from  front  to  rear.  It  was  found 
that  so-called  "dead  water  radiation",  surfaces  not  in 


Flow  op  Ais  abound  STRBAJiUNSD  AND  Round  Sbctions 

contact  with  moving  water,  radiates  slightly  less  for  the 
same  area  than  surfaces  in  contact  with  the  water  flow. 
The  percentage  of  air  which  flows  through  a  honeycomb 
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radiator  was  found  to  be  very  nearly  equal  to  the  percen- 
tage of  space  open  to  air  flow  in  the  radiation.  The  rest  of 
the  air  obviously  flows  around  the  radiator.  The  nu- 
merical value  of  the  air  flowing  through  the  cells  was 
found  to  be  70  to  85  per  cent  (80  per  cent  being  probably 
a  fair  average)  of  the  air  which  would  be  expected  to 
strike  the  face  area  of  the  radiator. 

Miscellaneous  Tests 

The  following  notes  on  results  of  miscellaneous  experi- 
ments will  probably  be  found  of  interest  and  assistance: 

Streamlined  tubes  exposed  to  moving  air  were  found  to 
radiate  1.4  times  as  much  heat  as  round  tubes  for  the 
same  actual  surface  and  air  speed.  This  figure,  it  should 
be  noted,  makes  no  allowance  for  the  decreased  resistance. 
As  streamlined  tubes  are  narrower  than  round  tubes  of 
the  same  surface  and  have  considerably  less  resistance 
than  round  tubes  of  equal  width,  it  will  be  readily  seen 
that  the  streamlined  tube  possesses  very  great  advantage 
in  practice.  The  information  came  from  one  of  the  as- 
sistants at  the  Bureau  of  Standards,  the  original  source 
not  being  mentioned  at  the  time. 

This  phenomenon  of  the  streamline  tube  radiating 
more  heat  than  the  round  one  under  similar  conditions 
is  probably  accounted  for  by  the  regularity  of  flow 
around  the  streamlined  tube.  The  approximate  flow  of 
air  around  streamline  and  round  sections,  as  recorded 
photographically  by  the  National  Physical  Laboratory  in 
England,  (reference  No.  89),  is  shown  in  one  of  the 
illustrations.  It  will  be  noted  that  the  air  remains  in 
contact  with  the  streamline  surface  for  a  much  greater 
distance  than  it  does  with  the  round  surface. 

A  series  of  tests  was  conducted  by  the  Washington 
Navy  Yard  (reference  No.  42)  on  eight  sections  of  honey- 
comb radiation  supplied  by  various  manufacturers,  the 
results  of  which  are  shown  graphically. 

From  the  curve  of  resistance  in  pounds  plotted  against 
speed  in  miles  per  hour,  it  will  be  seen  at  a  glance  that 
the  resistance  increases  with  a  power  greater  than  unity. 
From  the  curves  and  our  knowledge  of  air  resistance  we 
may  note  that  the  equations  will  be  the  form  P  =  KAV^, 
or,  for  unit  area,  P  =  KV,  where 

P  =  head  resistance 

K  =  a  constant  for  each  type  of  radiator 

V  =  speed 

n  =  exponent  of  V 
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Selecting  values  from  each  of  the  curves  to  give  simul- 
taneous equations  and  solving  for  n  shows  that  this  ex- 
ponent varies  between  the  limits  1.876  and  2.280  and 
averages  1.990,  or  practically  2.  This  calculation  was 
based  on  another  set  of  curves  plotted  from  the  same  data. 

Another  curve  shows  the  horsepower  equivalent  of  heat 
dissipated  per  100  deg.  fahr.  temperature  difference,  per 
square  foot  of  frontal  area,  plotted  against  air  speed  in 
miles  per  hour.  It  will  be  noted  that,  considered  from 
this  angle,  the  various  makes  of  radiation  do  not  perform 
similarly,  the  dissipation  increasing  in  some  cases  with  a 
power  less  than  unity,  while  in  other  cases  the  exponent 
is  greater  than  unity. 

The  "figure  of  merit"  for  each  type  of  honeycomb  at 
different  speeds,  plotted  against  air  speed  in  miles  per 
hour  is  also  shown.  The  so-called  "figure  of  merit"  is 
the  value  obtained  by  dividing  the  horsepower  dissipated, 
by  the  horsepower  required  to  carry  and  to  overcome  the 
resistance  of  1  sq.  ft.  of  radiation  moving  through  the 
air  at  any  given  speed,  and  is  therefore  an  approximate 
but  useful  measure  of  the  efficiency  of  the  radiation.  It 
will  be  noted  at  once  that  a  section  may  be  well  suited 
for  a  certain  speed  but  unsuited  for  another  r  also,  that 
certain  makes  of  the  honeycomb  radiation  possess  marked 
advantage  at  low  speeds,  but  at  high  speeds,  so  far  as 
efficiency  is  concerned,  there  is  little  to  choose  between 
any  of  them,  as  their  performance  is  very  nearly  the 
same.  Other  characteristics  may,  however,  determine 
the  choice  of  radiation. 

Discussion  and  Data 

Before  entering  into  any  discussion  it  seems  advisable 
to  lay  great  stress  on  the  fact  that  all  radiator  calcula- 
tions should  be  considered  to  be  only  approximations. 
So  many  variables  enter  into  the  case  and  our  data  are 
even  yet  so  incomplete  that  exac£  results  cannot  be  ob- 
tained. 

Bends  in  Pipes  As  a  general  rule  all  unnecessary  bends 
in  water  pipes  or  radiation  should  be  avoided,  as  these 
offer  i-esistance  and  reduce  the  rate  of  flow.  It  should  be 
remembered  that  the  use  of  centrifugal  pumps  for  circu- 
lating water  is  probably  universal,  and  with  this  type  of 
pump  any  increase  of  resistance  in  the  system  will  de- 
crease the  flow  of  water.  The  French  tests  showed  that  it 
is  important  with  most  types  of  radiation  to  keep  the  rate 
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of  flow  high.  In  any  case,  if  the  flow  is  allowed  to  drop 
considerably  the  result  will  be  a  reduction  of  the  tem- 
perature difference  between  air  and  water,  with  a  pro- 
portionate reduction  of  dissipation. 

Location  of  Radiator  The  question  of  radiator  loca- 
tion cannot  by  any  means  be  said  to  be  definitely  settled 
as  yet.  There  is  wide  diversity  of  opinion  among  engi- 
neers on  this  subject.  The  British  claimed  a  few  months 
ago  that  they  could  find  very  little  difference  in  machine 
performance  when  using  different  locations  for  the  radi- 
ator. They  recommended  that  the  radiator  be  installed 
on  the  fuselage  nose  when  this  can  conveniently  be  done. 

The  tendency  today  seems  to  be  to  place  the  radiator 
in  the  upper  wing.  Whether  the  wing  curve  radiator  is 
to  prove  the  ultimate  form  cannot  be  said  as  yet.  Some 
full-scale  flight  tests  made  under  the  direction  of  the 
Navy  Bureau  of  Steam  Engineering  appear  to  show  that 
the  resistance  of  wing  curve  radiation  is  not  nearly  as 
low  as  we  might  expect.  Wind-tunnel  tests  should  throw 
some  light  on  this. 

Ensign  Swenson,  U.  S.  N.,  who  has  charge  of  radiator 
work  for  the  Navy  Department,  makes  the  following 
recommendations : 

(1)  On  tractor  flying  boats  the  radiators  ^ould  be 
located  in  the  slip-stream,  as  without  consideration 
for  other  factors,  the  ability  to  "taxi"  will  be  nul- 
lified if  they  are  placed  elsewhere.  If  the  engine  is 
not  housed  in,  the  best  location  is  probably  between 
the  engine  and  the  propeller;  if  the  engine  is  housed 
in,  place  the  radiator  or  radiators  next  to  the 
nacelle  but  a  few  inches  away  from  it 

(2)  On  pusher  flying  boats  the  same  recommendations 
hold,  with  the  exception  that  the  slip-stream  is  not 
available  for  cooling 

(3)  On  small  seaplanes  and  small  land  machines  locate 
the  radiators  anywhere  in  the  immediate  vicinity 
of  the  engine,  with  this  exception 

(4)  Do  not  install  the  radiator  in  the  nose 

(5)  On  largfe  multi-engined  land  machines  locate  the 
radiators  in  one  or  two  groups  out  of  the  slip- 
stream 

The  tendency  at  McGook  Field  seems  to  favor  a  plate 
type  of  radiator  set  on  edge  in  the  upper  wing. 

From  what  information  we  have,  to  date  I  am  strongly 
of  the  opinion  that  the  best  tjrpe  of  radiator  installation 
depends  as  much  upon  the  general  design,  type  and  speed 
of  the  airplane  as  upon  other  considerations.    I  am  in- 
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clined  to  expect  more  of  a  radiator  mounted  so  that  it 
can  be  drawn  into  the  wing  or  body  than  of  any  other 
method  of  installation.  Such  an  installation  does  not  re- 
quire the  air  to  change  its  direction  to  any  extent  when 
flowing  through  the  cells,  thus  keeping  efikiency  high  and 
resistance  low.  This,  combined  with  the  feature  of  ex- 
posing  only  as  much  radiation  as  is  actually  required  at 
the  time,  would  make  it  very  efficient.  When  gliding, 
the  entire  radiator  could  be  drawn  in,  thus  improving 
the  angle  of  glide.  At  the  same  time  there  is  much  to  be 
expected  of  the  wing  curve  type  of  radiator  if  provided 
with  a  shutter,  so  that  when  the  radiator  is  covered  up 
there  is  practically  a  wing  curve  in  its  place. 

It  should  be  added  that  for  low-speed  machines  there 
is  probably  little  to  choose  between  any  of  the  different 
locations.  There  certainly  is  less  to  choose  between  them 
for  low  speeds  than  for  high.  This  is  because  resistance 
varies  approximately  as  the  square  of  the  speed,  while 
dissipation  of  heat  varies  with  nearly  the  first  power  of 
the  speed. 

For  the  present  I  would  recommend  that  in  new  de- 
signs, where  some  choice  of  location  is  open,  radiators 
be  calculated  for  two  or  three  different  types  of  installa- 
tion and  studied  from  every  angle  before  the  question  is 
settled.  In  any  case,  the  radiator  should  be  partly  or 
wholly  in  the  propeller  slip-stream;  otherwise  it  will  be 
difficult  to  operate  the  engine  on  the  ground  or  to  "taxi" 
the  machine. 

Alex.  Klemin  found  by  wind-tunnel  tests  (reference 
No.  18)  that  a  body  similar  to  a  radiator  decreased  the 
lift-drift  ratio  less  when  located  on  the  lower  side  of  the 
wing  than  on  the  upper.  As,  however,  we  know  nothing 
about  the  air  flow,  this  information  is  of  little  assistance 
to  us. 

Effects  of  Attitude  on  Radiator  Performance  When 
an  airplane  reaches  a  high  altitude  two  new  conditions 
are  encountered,  lower  density  and  lower  temperature  of 
the  air.  Both  affect  radiation,  the  former  decreasing  and 
the  latter  increasing  it.  The  former  also  decreases  the 
brake  horsepower  of  the  engine  if  a  compressor  is  not 
used  to  supply  air  at  constant  pressure,  which  I  do  not 
believe  has  been  done  successfully  as  yet.  We  are  using, 
however,  makeshift  devices  in  the  form  of  adjustable 
carbureters  and  also  extra  high  compression  engines 
which  no  one  is  supposed  to  run  wide  open  at  low  alti- 
tudes, although  the  temptation  to  do  so  is  very  strong. 
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At  any  altitude  the  size  of  the  radiator  required  is  de- 
termined by  the  conditions  in  the  climb  at  maximum  rate, 
and,  as  the  horsepower  developed  by  the  engine  is  great- 
est at  low  altitudes,  we  find  that  radiator  size  is  gov- 
erned by  the  conditions  in  maximum  climb  at  a  low  alti- 
tude. 

As  the  load  on  the  wings  is  practically  constant  dur- 
ing a  climb  we  can  conclude  that  the  horizontal  speed 
during  this  climb  varies  inversely  as  the  density  of  the 
air.  This  is  shown  by  our  fundamental  formula  in 
aerodynamics,  Bernouilli's  theorem,  in  which  density 
appears  as  a  factor  in  the  first  power.  This  being  the 
case,  the  number  of  pounds  of  air  passing  through  a 
radiator  not  in  the  slip-stream,  in  a  given  time  will  be 
constant  throughout  the  climb  irrespective  of  the  hori- 
zontal speed,  which  is  increasing.  We  know  from  French 
experiments  that  the  dissipation  of  heat  varies  directly 
as  the  density,  and  therefore  as  the  pounds  of  air  passing 
through  the  radiator,  so  we  may  conclude  that  dissipa- 
tion of  heat  during  a  climb,  at  maximum  rate,  will  vary 
only  with  the  temperature  difference.  The  foregoing  con- 
clusions enable  us  to  calculate  Table  3,  giving  the  per- 
centage of  our  radiating  surface  that  will  be  required  at 
altitudes  for  constant  horsepower  and  constant  margin 
between  operating  temperature  and  the  boiling  point  of 
water. 

Knowing  then  the  performance  at  any  altitude  6f  the 
particular  engine  under  consideration,  we  can  obtain 
the  approximate  area  required  during  climb  by  the 
formula 

Area  during  )  Total  area  X  factor  X  horsepower  at  altitude 
climb  at  any  \  =■*  ' 

given  altitude  )  horsepowei*  at  sea  level 

and  the  area  required  for  high  speed  at  any  altitude  by 
the  formula 

Area  during  high  )       Area  for  climb  X  climbing  speed 
speed  at  any     [  =  ' 

given  altitwle    J  high  speed 


These  formulas  do  not  apply  in  the  form  given  to 
radiators  located  in  the  slip-stream,  but  the  factor  for 
constant  horsepower  multiplied  by  total  area  will  give 
nearly  the  area  required  for  this  condition  if  the  engine 
has  no  altitude  adjustment. 

If  the  engine  is  not  equipped  with  an  adjustable  car- 
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bureter  or  similar  means  for  adapting  it  to  operation  at 
altitudes,  the  horsepower  at  any  altitude  can  be  obtained 
by  aid  of  a  curve  of  "effect  of  altitude  on  the  horsepower 
of  a  gasoline  engine''  (such  as  reference  No.  34).  This 
curve  enables  us  to  add  to  Table  5  the  lower  figures, 
which  represent  the  fraction  of  radiating  surface  re- 
quired for  an  engine  provided  with  absolutely  no  means 
of  adjustment  for  altitude. 

Air  Bubbles  in  Cooling  Water  It  is  important  to 
guard  against  the  possibility  of  air  being  drawn  into  the 
circulating  system  along  vnth  the  water,  as  this  results 
in  a  great  decrease  of  efficiency  (reference  No.  5).  This 
is  not  a  very  common  trouble,  but  it  may  happen  in  a 
poorly  designed  system  in  which  the  water  entering  the 
radiator  is  allowed  to  splash  or  bubble  violently.  The 
trouble  can  be  avoided  by  proper  placing  of  the  inlet  or 
by  the  use  of  a  baffle  plate. 

Design  of  Water  Pockets,  Etc.  Large  water  pockets 
should  be  avoided,  as  they  merely  add  to  the  weight 
Water  pockets  should  be  only  of  sufficient  size  to  provide 
free  circulation  of  the  water.  Care  should  be  taken  in  the 
designing  of  water  pockets  that  the  water  entering  the 
radiator  is  distributed  equally  to  all  parts  of  the  honey- 
comb. This  can  be  accomplished  by  the  use  of  baffle 
plates  to  deflect  and  distribute  the  water  in  the  desired 
direction. 

An  expansion  and  reserve  water  tank  must  always  be 
provided  at  the  highest  point  in  the  cooling  system.  The 
capacity  for  a  given  installation  with  an  open  overflow 
can  be  calculated  from  the  British  data  given  earlier  in 
this  paper.  In  cases  where  the  top  of  the  radiator  is  the 
highest  point  in  the  cooling  system  it  is  customary  to* 
incorporate  the  expansion  and  reserve  water  tank  in  the 
upper  water  pocket  of  the  radiator. 

Where  a  hole  is  cut  out  of  the  center  of  the  honeycomb 
to  provide  for  the  crankcase  extension,  a  water  pocket 
must  be  provided  to  carry  the  water  from  the  upper 
part  of  the  honeycomb  to  the  lower.  The  area  of  the 
cross-section  of  this  pocket  should  be  equal  to  or  slightly 
greater  than  the  area  of  the  water  passages  in  the  part 
of  the  honeycomb  removed. 

Velocity  of  Air  in  SUjhStream  In  our  radiator  calcu- 
lations it  usually  becomes  necessary  to  estimate  the  speed 
of  the  air  in  the  slip-stream  of  the  propeller.  As  this 
speed  is  dependent  as  much  upon  the  design  of  the  par- 
ticular propeller  as  upon  the  other  factors,  we  cannot  give 
any  rule  which  applies  equally  well  to  all  cases. 
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TABLE    6 — FACTORS    FOR    OBTAINING    RADIATING    SURFACE    RE- 
QUIRED AT  ALTITUDES 


Altitude 

in  Ft. 

0 

5,000 

10,000 

15,000 

20,000 

25,000 

30,000 

Mean 
Tempera- 
ture 
Difference 
Between 

Boiling 

Temp., 

Deg.  Fahr. 

212 

203 

194 

185 

176 

167 

158 

Air  and 

Cooling 

Water  at 

Sea  Level, 

Deg.  Fahr. 

Temp. 

Dropof 

Air,  Deg. 

Fahr. 

0 

17.0 

33.0 

46.8 

58.0 

67.2 

75.6 

Horse- 
power 
1.00 

0.8625 

0.735 

0.620 

0.520 

0.435 

0.365 

50 

1.00 

0.8620 

0.769 

0.716 

0.694 

0.693 

0.699 

1.00 

0.7440 

0.565 

0.444 

0.361 

0.302 

0.355 

75 

1.00 

0.9030 

0.833 

0.791 

0.773 

0.772 

0.776 

1.00 

0.7790 

0.612 

0.490 

0.402 

0.336 

0.383 

100 

1.00 

0.9260 

0.870 

0.835 

0.820 

0.818 

0.822 

1.00 

0.7990 

0.640 

0.518 

0.427 

0.356 

0.300 

125 

1.00 

0.9400 

0.893 

0.863 

0.850 

0.849 

0.852 

1.00 

0.8110 

0.657 

0.535 

0.442 

0.369 

0.311 

150 

1.00 

0.9500 

0.909 

0.883 

0.872 

0.871 

0.875 

1.00 

0.8190 

0.668 

0.547 

0.454 

0.379 

0.319 

NoTi: 

(1)  Upper  fifi^ii^^  ai^  ^r  constant  horsepower  and 
radiator  not  in  the  slip-stream  of  propeller 

(2)  Lower  figures  are  for  engine  not  equipped  with  any 
means  of  adjustment  for  altitudes  and  radiator  not 
in  slip-stream 

(3)  Upper  figures  are  also  nearly  correct  for  engine 
not  equipped  with  any  means  of  adjustment  for 
altitudes  and  radiator  completely  in  the  slip-artream 

(4)  All  figures  based  on  climb  at  maximum  rate 
and  constant  margin  between  operating  and  boiling 
temperatures,  with  radiator  under  atmospheric 
pressure  only 
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A  number  of  tests  have  been  made  by  M.  Eiffel  with 
a  view  to  obtaining  information  on  this  subject,  and  E. 
P.  Warner  of  the  National  Advisory  Committee's  staff 
has  made  a  study  of  the  results  obtained.  A  curve  based 
on  some  of  the  Eiffel  experiments  is  reproduced  and  can 
be  used  to  obtain  approximately  the  speed  of  air  in  the 
slip-stream,  the  Eiffel  No.  9  propeller  on  which  it  is  based 
being  assumed  to  be  typical. 

To  use  this  curve  it  becomes  necessary  to  know  the 
speed  of  advance  corresponding  to  the  maximum  ef- 
ficiency of  the  propeller.  If  it  happens  that  we  do  not 
know,  at  the  time  of  designing  our  radiator,  exactly  what 
this  speed  is  going  to  be,  it  becomes  necessary  to  resign 
ourselves  to  another  approximation.  The  relation  of  this 
speed  to  the  maximum  speed  of  the  machine  will  depend 
very  largely  upon  whether  the  propeller  is  designed  to 
give  great  climbing  ability,  high  speed  or  a  compromise 
between  the  two.  As  it  is  advisable  to  err  on  the  low 
side  rather  than  on  the  high  side  in  estimating  the  speed 
of  air  striking  the  radiator,  Mr.  Warner  suggests  that  the 
speed  of  advance  at  which  the  propeller  shows  its  highest 
efficiency  be  assumed  to  be  90  per  cent  of  the  maximum 
speed  of  the  airplane. 

Thus  for  a  typical  case  of  an  airplane  having  a  maxi- 
mum speed  of  V  =  130  miles  per  hr.  we  have  Vc  =  117 
miles  per  hr.  For  high  speed  Y/Yt  =  1.11  and  Y%/Y  = 
1.14.  Thus  the  slip-stream  velocity  relative  to  the  ma^ 
chine  at  high  speed  is  130  X  1«14  ^^  ^^^  miles  per  hr. 
This  is  probably  slightly  on  the  low  side  of  the  actual 
speed  for  most  machines. 

It  should  be  noted  here  that  the  velocity  of  slip-stream 
relative  to  the  atmosphere  is  very  low  at  high  speeds; 
in  the  foregoing  ^case  it  is  18  miles  per  hr.  However,  we 
are  only  concerned  with  the  speed  relative  to  the  air- 
plane. 

Forward  Speed  of  Machine  During  Climb  at  Maximum 
Rate  Where  possible  this  should  be  obtained  from  the 
curves  of  estimated  performance,  or  from  the  actual  per- 
formance of  similar  machines.  In  case  this  is  not  con- 
venient it  might  be  noted  that  the  French  found  the 
forward  speed  during  a  climb  at  maximum  rate  varied 
from  56  miles  per  hr.  for  the  slower  service  tjrpes  to  78 
miles  for  the  faster  types.  It  will  be  noted  that  the 
range  of  speeds  is  not  great,  which  is  not  surprising  when, 
we  consider  that  the  landing  speeds  do  not  vary  greatly. 
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The  landing  speed  of  a  machine  has  an  important  bear- 
ing on  its  forward  speed  during  climb  at  maximum  rate. 
The  speed  during  climb  at  maximum  rate  can  be  ob- 
tained very  roughly  by  the  formula 

speed  in  climb  at)  ^  j^^  3  ^  ,  high  speed  —  low  speed 
maximum  rate  j  **       "•  ^ 

Mean  TempercUure  Difference  Bettveen  Air  and  Water 
Before  proceeding  with  any  radiator  calculations  it 
becomes  advisable  to  know  the  difference  between  the 
mean  temperatures  of  the  cooling  water  and  the  air.  If 
the  exact  flow  of  water  and  horsepower  equivalent  of 
British  thermal  units  carried  away  from  the  cylinders 
is  known,  the  temperature  drop  of  the  water  can  be 
readily  cateulated.  When  this  is  not  known  the  tempera- 
ture drop  in  the  radiator,  or  rise  in  the  cylinder  jackets, 
can  be  assumed  to  be  about  20  deg.  fahr.  Tliis  value  is 
taken  from  block  test  results  (reference  No.  14).  Thus 
we  have  the  mean  temperature  of  water  equal  to  about 
10  deg.  fahr.  less  than  the  temperature  of  outlet  from  the  - 
cylinders. 

The  mean  temperature  of  the  air  is  almost  impossible 
to  obtain  beforehand.  Fortunately,  it  appears  not  to  be 
essential,  as  the  French  found  (reference  No.  12) 
the  assumption  that  the  mean  temperature  equals  the 
initial  temperature  introduced  only  a  very  slight  error. 

'  Thus   the  mean   temperature   difference   in   degrees 
f ahrenheit  can  be  taken  as  approximately  equal  to 

(temperature  of  cylinder  outlet) — 10 — (temperature  of  air) 

The  British  recommend  (reference  No.  13)  that  de- 
signers provide  for  a  temperature  difference,  in  temper- 
ate climates,  of  144  deg.  fahr.  (62  deg.  cent).  This 
would  correspond  to  about  46  deg.  fahr.  for  the  air  and 
about  200  deg.  fahr.  for  the  water  outlet  from  cylinders 
and  is  by  no  means  suited  to  even  our  northern  United 
States  summer  conditions.  I  recommend  that  for  sum- 
mer conditions  a  temperature  difference  of  110  deg. 
fahr.  be  not  greatly  exceeded.  This  corresponds  to  190 
deg.  fahr.  for  water  and  70  deg.  fahr.  for  air.  % 

Pressure  System  The  pressure  system,  which  I  be- 
lieve I  originated,  consists  of  the  ordinary  cooling  sys- 
tem provided  with  steam-tight  caps  and  a  safety  valve. 
The  safety  valve  is  placed  at  the  highest  point  of  the 
system  and  can  be  set  to  "blow  off"  at  from  3  to  4  lb. 
per  sq.  in.  without  risk  of  injuring  the  radiator. 
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This  system  has  two  distinct  advantages:  (a)  The 
loss  of  water  by  splashing  or  evaporating  is  eliminated, 
and  (6)  the  boiling  point  of  the  water  is.  raised  slightly, 
thus  tending  to  eliminate  troubles  due  to  boiling  in  un- 
usually hot  weather.  The  addition  of  8%  lb.  per  sq.  in. 
to  the  atmospheric  pressure  at  sea  level  raises  the  boil- 
ing point  of  water  from  212  to  222.8  deg.  fahr.  The  two 
results  make  it  possible  to  eliminate  nearly  all  of  the 
reserve  water  ordinarily  carried. 

This  system  was  first  used  on  the  L-W-F  model  V-3. 
The  machine  was  provided  with  a  radiator  suited  to  our 
northern  United  States  climate  and  when  used  down  in^ 
Texas  it  was  found  that  the  rapid  evaporation  of  water 
limited  the  duration  of  flight  to  less  than  2  hr.  After 
the  installation  of  the  safety  valve  it  became  possible  to 
fly  the  machine  until  the  fuel  tanks  were  emptied,  or 
more  than  6  hr.  This  demonstration  caused  my  associ- 
ate, Mr.  Mitchell,  and  myself  to  adopt  the  pressure  sys- 
tem as  standard  practice  on  L-W-F  machines. 

Weight  of  Radiators  The  weights  of  the  sections 
tested  by  the  British  and  French  are  given  in  their  re- 
ports (references  Nos.  12  and  18)  and  the  weights  of  a 
number  of  typical  American  makes  of  honeycomb  radia- 
tion are  given  in  Table  1.  The  weights  of  a  number  of 
complete  radiators  are  given  in  Table  8.  These  vary 
from  0.302  to  1.180  lb.  per  b.hp.,  and  average  about 
0.634  lb.  per  b.hp.  As  several  radically  different  types 
are  included,  the  latter  figure  can  safely  be  used  for  the 
purposes  of  preliminary  estimate.  It  should  not  be  for- 
gotten, however,  that  the  weight  will  vary  greatly  ac- 
cording to  the  desigh,  and  closer  estimates  can  be  ob- 
tained if  figures  are  based  on  similar  designs  selected 
from  Table  3. 

Materials  of  Construction  A  good  grade  of  brass  is 
more  satisfactory  than  copper  for  the  construction  of 
the  honeycomb.  Ensign  Swenson  of  the  Bureau  of 
Stesim  Engineering,  Navy  Department,  recommends  85- 
15  per  cent  brass,  while  Mr.  Sage  of  the  Rome  Turney 
Co.  recommends  65-35  per  cent  brass  for  honeycomb 
construction.  Copper  shows  a  tendency  to  become  brit- 
tle and  to  crack  at  the  folds  after  it  has  been  in  service 
for  some  time.  The  material  in  use  ranges  from  0.003 
to  0.008  in.  thick;    0.004  to  0.005  in.  is  recommended. 

The  material  used  for  water  pockets  should  be  brass. 
The  thickness  will  vary  a  little  according  to  the  de- 
sign of  the  radiator,  but  in  general  Nos.  18,  20  or  22 
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B  &  S  gage  are  very  satisfactory.  Ensign  Swenson  rec- 
ommends the  use  of  the  last  two  gages. 

Production  Considerations  Water  pockets  necessitat- 
ing drawn,  hammered  or  pressed  parts  should  be  avoided, 
particularly  in  the  case  of  small  production. 

When  honeycomb  radiation  is  used  the  "block"  of  radi- 
ation should  be  square  or  oblong  wherever  possible. 
Round  or  angular  comers  introduce  hand-work  in  fit- 
ting, with  a  consequent  increase  in  cost,  and  should  be 
avoided.  This  remark,  however,  does  not  apply  to  radia- 
tion built  up  out  of  small  tubes,  such  as  the  Harrison 
tubular,  Multitube,  etc.,  as  the  shape  of  the  block  makes 
very  little  difference  in  this  case. 

Radiators  of  the  Albatross  type  are  very  expensive  to 
produce  in  small  quantities.  This  does  not  apply,  how- 
ever, to  quantities  suflScient  to  justify  the  manufacture 
of  the  large  dies  necessary. 

Adjustment  of  Radiation  Means  of  adjusting  the 
amount  of  radiation  while  in  flight  possess  consider- 
able advantage.  This  adjustment  can  be  made  in  two 
general  ways : 

(1)  By  regulating  the  flow  of  water  through  the  radi- 
ator with  the  aid  of  a  by-pass  or  a  throttle 

(2)  By  regulating  the  flow  of  air  through  the  radiator 

Both  methods  have  been  used  successfully,  but  the 
first  introduces  the  danger  of  freezing  the  water  in  the 
radiator  and,  as  shown  in  the  discussion  of  results  of 
French  tests,  does  not  operate  satisfactorily  with  most 
types  of  radiation. 

The  second  method  can  be  applied  in  various  ways : 

(1)  By  the  use  of  shutters  or  a  curtain  in  front  of  the 
radiator.  Each  of  these  methods  as  used  on  the 
German  Crothas  is  shown  (reference  No.  40) 

(2)  By  drawing  the  radiator  partly  inside  of  the  body 
of  the  machine 

(3)  By  pivoting  the  radiator  so  that  it  can  be  set  at 
varying  angles  to  the  air.  This  method  has  been 
used  on  some  of  the  De  Haviland  planes 

No  one  of  these  several  methods  can  be  selected  as 
the  best  since  the  choice  of  any  one  is  dependent  upon 
the  installation  of  the  radiator.  In  the  case  of  a  radi- 
ator located  on  the  fuselage  nose,  the  shutter  system  is 
the  most  suitable,  as  the  resistance  of  the  body  is  de- 
creased when  the  shutters  are  closed.  In  the  case  of 
wing-curve  radiators,  a  sliding  curtain  mounted  on  a 
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roller  similar  to  a  shade  roller  would  appear  to  be  most 
suitable.  Although  this  has  not  been  used  up  to  date, 
a  modification  consisting  of  a  flat  sliding  shutter  has  been 
used  on  the  German  Halberstadt  machine  (reference  No. 
19).  Wing-curve  radiators  located  out  of  the  propeller 
slip-stream  would  be  expected  to  be  partly  self-regulat- 
ing as  the  radiator  lies  at  a  slightly  larger  angle  to  the 
air  during  a  climb  than  during  high  speed.  This  would 
not  apply  to  cases  where  the  radiator  is  entirely  in  the 
propeller  slip-stream  as  no  change  in  the  angle  presented 
to  the  air  would  then  take  place. 
In  the  case  of  radiators  located  on  the  side  of  the  body, 
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or  engine  naceUe,  either  shutters  or  the  withdrawing  of 
the  radiator  into  the  body  would  be  suitable.  In  the 
case  of  radiators  located  clear  of  the  body,  such  as  on 
the  nose  of  the  upper  wing,  the  use  of  a  by-pass,  or  of  a 


SHUTTBR8    USBD   ON    RADIATOR   OF    OOTHA    MaCHINBS 

streamlined  housing  which  could  be  almost  entirely  closed, 
would  be  the  most  appropriate,  as  shutters  or  a  curtain 
would  increase  the  resistance  of  the  radiator.  If  a  by- 
pass is  used  it  should  be  adjusted  so  that  it  cannot  elimi- 
nate all  of  the  flow  through  the  radiator;  otherwise 
freezing  trouble  is  certain  to  be  encountered  at  altitudes. 
A  type  of  radiation  must  be  selected  also  which  shows  a 
large  and  gradual  drop  in  dissipation  with  reduction  of 
flow. 

In  any  case  the  controlling  device  should  be  operated 
from  the  pilot's  cockpit  and  constructed  so  that  if  pos- 
sible, in  case  of  anything  going  wrong  with  it,  the  shut- 
ters or  curtain  will  be  held  in  the  "open"  position  auto- 
matically. In  the  case  of  a  by-pass,  it  should  be  ar- 
ranged to  send  all  of  the  water  through  the  radiator  if 
trouble  occurs. 

A  thermostatic  regulator  for  controlling  the  flow  of 
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water  through  the  radiator  has  been  used  on  the  Sturte- 
vant  210-hp.  airplane  engine. 

Shutters  operate  most  satisfactorily  when  they  are  be- 
tween 1  and  2  in.  wide;  1%  in.  is  a  good  figure*  They 
should  be  rigidly  constructed  to  hold  their  shape  under 
the  air  pressure  in  flight,  and  should  be  of  streamline 
form.  By  pivoting  shutters  near  their  front  edge  they 
can  be  made  to  open  automatically  by  the  air  pressure. 

Tests  for  Finished  Radiators  Finished  radiators 
should  be  tested  for  leaks  before  being  installed.  The 
most  satisfactory  way  to  make  this  test  is  to  totally  sub- 
merge the  radiator  in  water  while  an  air  pressure  of  5 
to  8  lb.  per  sq.  in.  is  maintained  inside  the  honeycomb 
and  pockets  by  an  air-pump.  The  slightest  lesjk  will  be 
shown  by  air  bubbles  rising  from  it.     ,  ,     ' 

'  It  is  not  advisable  to  make  this  test  with  a  pressurie  of 
less  than  5  lb.,  as  weak  spots  in  the  soldering  may  not 
bje  detected;  nor  is  it  advisable  to  exceed  a  pressure  of 
10  lb.  as  the  radiator  is  liable  to  be  damaged. 

It  is  also  well  to  test  the  flow  of  water  through  a  ra- 
diator, although  trouble  frond  obstruction  to  flow  is  not 
common  in  a  new  radiator  if  the  design  be  reasoni^bly 
good.  The  British  require  a  radiator  to  be  capabl/e  of 
passing  7.5  gal.  of  water  per  sq.  ft;  of  frontal  arfea  per 
min.  under  a  pressure  of  4  lb.  per  sq.  in. 

The  Bureau  of  Steam  Engineering  of  the  U.  S.  Navy 
requires  that  radiators  be  stored  for  14  days  after  test- 
ing and  again  subjected  to  the  pressure  test  (reference 
No.  20). 

Conclusion 

In  preparing  this  paper  the  original  intention  was  to 
include  some  examples  of  application  of  the  data  to  ac- 
tual designs  and  some  comparisons  with  practice.  Be- 
cause of  the  length  of  the  paper,  however,  and  the  ground 
already  covered,  it  appears  advisable  to  leave  this  until 
a  later  date,  particularly  in  view  of  the  fact  that  the 
British  and  French  figures  could  not  be  made  public.  It 
may  be  mentioned  that  a  few  attempts  have  been  made  to 
.  apply  the  experimental  data  directly  to  practice,  and  the 
results  do  not  check  well  with  past  experience.  How- 
ever, while  these  attempts  were  not  sufficiently  thorough 
to  justify  the  passing  of  judgment  on  the  value  of  the 
data,  it  is  strongly  advised  that  any  new  design  be  com- 
pared with  such  data  and  that  for  the  present  these  data 
be  given  preference. 

In  conclusion  I  wish  to  thank  the  various  radiator 
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manufacturers*  Dr.  Dickinson  of  the  Bureau  of  Stand- 
ards, Ensign  Swenson,  U.S.N.,  and  E.  P.  Warner  of 
the  staff  of  the  National  Advisory  Committee  for  Aero- 
nautics for  their  cooperation.  Thanks  are  also  due  to 
my  brother,  Donald  R.  Black. 
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NAVAL  AIRSHIPS 

By  Commander  J  C  Hunsaker,^  U  S  N 

THE  desigrn  and  construction  of  airships  in  the  United 
States  was  inaugurated  by  the  Navy  in  1917,  with 
the  B  class  of  sixteen  small  airships.  These  were  built 
for  training  and  coast  patrol.  They  were  used  to  train  150 
pilots  and  covered  140,000  miles  of  patrol  without  loss . 
of  life.  The  following  year  the  C  class  of  twice  the 
size  was  brought  out  and  proved  very  successful.  The 
development  of  airship  construction  has  progressed  rap- 
idly, but .  because  of  such  a  delayed  beginning,  the 
United  States  is  still  very  far  behind  England  and  Ger- 
many. In  particular,  the  large  rigid  airships  of  the 
Zeppelin  type  have  not  yet  been  attempted  here,  but 
their  use  during  the  war  by  the  German  navy,  as  scouts 
over  the  North  Sea,  indicates  that  they  are  necessary 
to  a  modem  fleet.  A  short  account  is  given  of  the 
German  North  Sea  air  organization,  showing  the  sea- 
plane ba^s  laid  out  to  cooperate  with  the  airships. 


It  has  been  very  gratifying  to  all  of  us,  especially 
to  our  own  builders  and  manufacturers,  to  learn  by 
an  inspection  of  what  the  French,  Italians,  English  and 
Germans  have  done,  that  we  are  superior  to  any  of 
them  in  workmanship  and  care  in  the  handling  of  mate- 
rials. In  design  we  are  certainly  on  a  par.  In  some 
types  we  are  superior  to  them;  in  others  we  are  not. 
It  is  a  fair  average.  Glenn  Gurtiss  is  the  father  of  the 
flying-boat,  and  both  he  and  we  are  glad  to  know  that 
the  flying-boat  is  still  an  American  institution. 

In  connection  with  lighter-than-air  craft,  we  have  al- 
ways lagged  behind  and  are  still  behind,  but  we  made  a 
late  start.  For  example,  in  the  care  of  free  balloons  and 
the  early  dirigibles,  the  experimental  work  and  the  pio- 
neering were  all  confined  to  France.  The  French  two 
generations  ago  had  worked  out  the  complete  theory  of 
design  and  operation  for  these  types.  They  knew  all 
about  them  before  there  were  gasoline  engines  to  put  into 
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the  airships  to  make  flight  at  all  useful.  The  Germans 
started  with  airship  work  about  1895 ;  the  Italians  some- 
what later;  the  English,  I  think,  made  no  serious  effort 
until  about  1911  and  1912.  The  United  States  began  in 
earnest  in  1917.  Following  the  example  of  our  English 
friends  who  have  quit^  cau^t  up  from  the  time  they 
have  been  at  it,  we  ought  to  be  able  to  catch  up  very 
shortly,  if  Congress  will  vote  the  necessary  funds. 

Beginning  of  Airship  Construction 

The  first  serious  work  with  airships  in  the  United 
States  was  done  in  1917,  when  the  Navy  Department 
arranged  for  the  construction  of  sixteen  small  ships. 


Navt  Training  Airship  Entvrino  Hangar 

They  have  been  described  as  "blimps."  I  would  like  to 
correct  one  rather  general  impression  that  these  ships 
were  based  on  a  foreign  type.  They  were  not,  but  were 
designed  before  the  United  States  had  gone  into  the  war 
from  a  picture  on  the  back  of  a  postcard  that  was  smug- 
gled out  of  England,  and  from  an  account  by  a  returned 
traveler  who  had  seen  something  in  England  that  he 
tried  to  describe.  We  had  the  information  that  the 
English  were  working  on  a  certain  small  airship  for  a 
submarine  scout  and  that  the  type  was  useful.  We  then 
started  with  the  same  general  problem,  and  as  very  fre- 
quently happens,  we  came  out  with  about  the  sam)B 
result 
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Th»  Navy  Airship  CI  in  Flight 

As  I  have  said,  we  built  sixteen  of  these  small  ships. 
The  principal  characteristics  of  the  type  are  as  follows: 

Volume,  cu.  ft 84,000 

Length  (overall),  ft 164 

Type  of  engine Gurtisa 

Size  of  engine,  hp 100 

Speed,  miles  per  hr 45 

Range  at  full  speed,  miles 500 

They  are  not  remarkable  for  any  great  performance, 
but  they  have  trained  150  pilots  for  us  in  the  time  we 
have  had  them  working,  and  have  done  about  4000  hr.  of 
patrolling,  covering  140,000  miles. 

Thus  far  there  have  been  no  lives  lost  as  a  result  of 
accidents  to  these  ships,  although  almost  everything  that 
could  has  happened  to  them.  I  think  that  is  a  very  good 
record.  We  claim,  of  course,  that  the  principal  reason 
for  the  fine  showing  is  that  the  ships  were  well  built  to 
begin  with. 

These  ships  have  been  doing  regular  submarine  patrol 
work  along  Atlantic  coastal  waters  throughout  our  period 
in  the  war,  and  have  acted  as  convoys  for  whole  fleets  of 
merchant  ships;  they  have  really  been  useful  for  that 
limited  function.  They  cannot  go  very  far  to  sea  because 
they  have  only  one  engine.  We  had  one  case  where  a  few 
lads  in  one  of  them  got  caught  out  at  sea  and  in  a  help- 
less condition  drifted  for  two  or  three  days  and  came 
down  at  Halifax.  Their  being  saved  was  more  good  luck 
than  good  management,  so  we  decided  that  we  wanted 
two  engines,  and  have  brought  out  our  second  type  with 
twin  Hispano-Suiza  engines.    This  is  nearly  twice  the 
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size  of  the  first  model  and  the  speed  was  pushed  up  above 
60  miles  an  hr.,  the  radius  being  about  the  same.  The 
ships  with  the  twin  engines  are  fairly  new,  but  the  first 
one  of  the  series  has  flown  from  Akron  to  Washington, 
then  to  Rockaway,  and  now  it  has  gone  down  from 
Rockaway  to  Key  West.  The  longest  flight  was,  I  think, 
30  hr.  We  are  building  about  fifteen  of  them,  and  hope 
to  make  small  changes  from  time  to  time  to  improve  the 
general  type. 

For  1919  we  shall,  bring  out  a  new  ship  of  an  im- 
proved type,  a  little  larger.  It  is  naval  tradition  that  the 
Bureau  of  Construction  and  Repair  brings  out  a  new 
"spring  style"  every  year.  We  have  not  yet  shown  our 
style  for  this  year,  but  shall  do  so  shortly.  I  have  been 
talking  about  last  year's  spring  style. 

These  non-rigid  airships  can  be  built  pretty  rapidly, 
and^as  we  know  from  our  own  experience,  they  are  fairly 
safe.  They  are  used  principally  for  coast  patrol  and 
convoy  work.  Their  duties  are  supplemental  to  the  rapid 
and  intensive  surveillance  of  coastal  waters  by  seaplanes. 

We  always  want  to  be  sure  that  we  do  not  get  into  any 
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argument  with  our  heavier-than-air  friends.  There 
should  be  no  argument.  I  once  heard  two  men  argue  as 
to  whether  the  mountains  are  better  than  the  seashore. 
You  cannot  settle  such  questions  by  argument,  nor  can 
you  settle  by  argument  whether  the  seaplane  is  better 
than  the  dirigible.  It  all  depends  upon  what  you  want 
them  for. 

The  seaplanes  watch  the  area  within  100  miles  of  the 
coast  and  zig-zag  back  and  forth  over  assigned  sectors 
during  daylight.  The  small  airships  proceed  further  out 
to  sea  beyond  the  range  of  seaplane  patrols,  to  watch  for 
submarines  and  enemy  mine  fields,  but  principally  to 
accompany  convoys  of  merchantmen.  An  airship  can 
loaf  along  for  a  day  or  two  with  the  convoy  and  not  leave 
it  to  return  to  port  until  it  is  well  out  in  the  open  sea  and 
comparatively  safe.  This  function  of  convoying  ships 
out  from  our  coastal  waters  is  pretty  well  accomplished 
by  our  present  types,  but  of  course  we  shall  keep  on  im- 
proving them.  However,  the  amount  of  improvement 
that  we  can  get  is  not  very  great.  When  we  come  to  con- 
sider the  fleet  requirements  for  a  strategic  scout,  we 
must  have  an  airship  with  an  endurance  in  the  thousands 
rather  than  hundreds  of  miles.  We  have  then  got  to  think 
of  the  German  Zeppelin.  The  Germans  have  developed 
just  such  a  weapon,  have  taught  us  how  it  should  be  used 
and  how  it  ought  not  to  be  used,  and  have  very  obligingly 
presented  specimens  of  their  work  to  the  Allies  from  time 
to  time,  so  that  there  are  no  longer  any  secrets  about  it 

The  Zeppelin 

The  black  paint  on  the  belly  is  put  there  for  night 
work,  so  that  the  ship  will  not  shine  in  the  beams  of  a 
searchlight.  The  top  of  the  ship  is  left  white,  so  that 
some  light  will  come  through  the  outer  cover  and  illumi- 
nate the  interior  where  men  may  be  working.  That  par- 
ticular type  of  ship  is  intermediate  between  those  with 
which  the  Germans  started  the  war  and  those  with  which 
they  finished.  It  is  about  2,000,000  ft.  and  plenty  large 
enough  to  cross  the  Atlantic  anfd  get  back  again,  in  good 
weather. 

The  Germans  had  a  considerable  fleet  of  Zeppelins  avail- 
able at  all  times  during  the  war,  in  spite  of  such  losses 
as  they  are  known  to  have  suffered  from  attempting  to 
bomb  towns  in  England.  Admiral  Jellicoe  has  just  writ- 
ten a  book  in  which  he  discusses  his  handling  of  the 
Grand  Fleet  during  the  first  2  yr.  of  the  war,  and  in  it 
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he  states  very  clearly  that  the  Germans  enjoyed  a  dis- 
tinct advantage  over  him,  due  to  their  possession  of 
Zeppelin  scouts.  He  mentioned  one  specific  instance  when 
a  cruiser  force  was  sent  out  from  Harwich  to  make  a 
sweep  down  the  North  Sea  and  was  embarrassed  by  being 


Navy  Airship  C3  on  thb  Plying  Fibld 

tagged  by  a  Zeppelin  throughout  the  entire  period  of  day- 
light. The  commodore  of  the  cruiser  force  could  merely 
report  that  he  found  no  German  ships  at  large  on  the 
North  Sea  and  that  he  was  watched  by  this  Zeppelin 
all  day. 

On  another  occasion  the  entire  Grand  Fleet  was  out 
with  all  forces,  destroyers  and  light  cruisers,  battle 
cruisers,  battleships,  etc.,  and  made  a  wide  sweep  down 
the  whole  length  of  the  North  Sea.  On  that  day  the 
Germans  had  ten  Zeppelins  out,  which  stretched  in  a  line 
across  the  North  Sea.  The  Fleet,  of  course,  found  no 
Germans  on  the  water. 

This  matter  of  sweeping  the  North  Sea  was  the  prin- 
cipal occupation  of  the  Grand  Fleet.  In  addition  to  hav- 
ing to  restrain  the  German  High  Seas  Fleet,  the  British 
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had  to  maintain  an  effective  blockade,  to  deny  access  to 
the  Atlantic  steamer  lanes  to  German  commerce  raiders, 
and  to  protect  the  British  coast  from  raids  by  German 
cruisers.  All  this  was  done  in  spite  of  German  sub- 
marines. It  was  not  possible  for  the  British  to  maintain 
Farragut's  type  of  blockade,  because  the  submarines 
would  have  got  them.  It  therefore  became  the  policy  to 
make  sweeps  through  the  North  Sea  at  frequent  inter- 
vals with  the  entire  Grand  Fleet  to  catch  any  German 
force  that  might  be  out.  These  sweeps  were  made  with 
great  risk  and  wear-and-tear  on  personnel  and  material. 
All  of  this  might  have  been  done  much  more  easily  and 
more  profitably  if  the  British  had  had  rigid  airships  of 
the  Zeppelin  type.  During  the  first  2  yr.  of  the  war,  I 
think,  no  substantial  number  of  Germans  were  ever 
caught  out,  except  at  Dogger  Bank,  and  then  they  more 
or  less  all  got  back.  Then  came  Jutland,  and  more  Ger- 
mans got  back  than  should  have,  even  there. 

Considering  the  problem  of  the  North  Sea,  the  English 
have  had  some  years  to  study  that  and  have  now  learned 
their  lesson*  and  are  proceeding  with  the  greatest  energy 
to  develop  an  air  fleet  of  all  types,  including  the  very 
largest  rigid  airships,  as  part  of  the  fleet.  They  began 
at  the  beginning  of  the  war,  had  many  disappointments 
and  considerable  success,  and,  assisted  by  tl^e  Germans' 
example,  as  they  have  been,  are  now  building  ships  that 
are  the  equal  of  the  Germans'  in  performance. 

The  United  States  Navy  has  not  yet  started  on  this 
kind  of  building,  but  when  we  do  our  engineers  and 
itoanufacturers  will  have  the  benefit  of  all  this  German 
and  English  experience,  and  I,  for  one,  have  no  doubt 
what  the  result  will  be. 

Zeppelin  L64  is  about  2,000,000  cu.  ft.,  which  means  that 
its  lift  is  61  tons.  The  useful  part  of  this  is  33  tons,  that 
is,  over  50  per  cent.  These  ships  will  carry  over  55  per 
cent  and  the  larger  types  60  per  cent  of  their  total  ca- 
pacity as  useful  load.  The  speed  of  the  last  ship  was  77 
miles,  which  may,  I  think,  be  increased  to  something 
above  80  miles  by  improvement  in  the  powerplant. 

We  have  learned  something  interesting  about  German 
engines.  We  have  thought  all  along  there  was  mystery 
about  the  power  the  Germans  were  getting,  and  it  has 
now  come  out  that  they  were  rating  some  of  their  en- 
gines at  8000 -m.  altitude.  So  you  see  that  they  were  not 
getting  something  for  nothing. 

The  diagram  shows  about  where  the  United  States 
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Hblativb  Size  of  German  and  American  Aieships 

stands.  The  little  ship  at  the  bottom  is  our  big  non- 
rigid  airship  that  we  talk  about  so  proudly,  and  L-83,  the 
middle  one,  is  the  German  ship  of  1916;  the  top  one,  L-70, 
is  the  German  ship  of  1918.  It  seems  to  be  up  to  us  to 
take  another  step. 

The  tracks  that  are  drawn  on  the  map  of  the  North 
Sea  indicate  the  routine  patrols  of  the  Zeppelin  airships 
up  to  the  coast  of  Norway  and  back  again,  and  out  be- 
yond the  Dogger  Bank  and  back.  These  patrol  lines 
watched  the  movements  of  British  ships  approaching 
German  waters.  In  addition  to  all  this  there  were  ex- 
traordinary patrols  and  bombing  raids,  and  all  sorts  of 
things  that  are  not  shown  on  the  map. 

What  the  Geraians  Can  Teach  Us 

We  can  learn  much  from  the  Germans,  and  we  will 
have  to  accept  their  competence  in  engineering  matters, 
and  even  more  in  their  organization  than  in  their  en- 
gineering. There  is  no  time  for  me  to  talk  now  about  the 
engineering  problems  in  the  design  and  development  of 
the  Zeppelin,  but  it  is  a  very  beautiful  job,  and  it  has 
been  worked  out  logically  and  thoroughly.  The  designer 
almost  speaks  through  it;  you  can  see  why  he  altered  the 
construction  from  year  to  year. 

The  Germans  concentrated  all  of  the  modem  and  work- 
ing part  of  the  entire  Zeppelin  fleet  at  three  stations: 
Witmundshaven,  Nordholtz  and  Alhom.    They  had  an- 
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other  station  up  at  Tondem,  but  neglected  to  protect  it 
properly  with  airplanes.  The  result  was  that  a  British 
man-of-war  came  in,  launched  some  seaplanes  with  bombs 
and  blew  it  up.  To  protect  the  three  remaining  stations 
from  raids  such  as  occurred  at  Tondem,  they  had  the 
airship  patrols  which  covered  the  North  Sea.  These 
gave  them  warning  many  hours  in  advance  that  naval 
forces  were  approaching.  Behind  the  wavy  line  is  the 
seaplane  patrol.  The  seaplane  stations  were  placed  on 
the  islands  of  Heligoland,  Borkum  and  Nordholtz.    Those 


Routine  Airship  and  Seaplane  Patrols  Maintained  bt  Oermant 
IN  THE  War 

stations  maintained  modern  seaplanes  of  both  patrol  and 
fighting  types,  and  the  area  inside  of  the  jagged  line  was 
under  constant  scrutiny  in  the  da3rtime.  In  addition  to 
that,  fighting  seaplanes  with  machine-guns,  two  ahead 
and  one  behind,  were  always  ready  to  take  the  air  on 
instant  notice.     These  were  lined  up  in  the  hangars 
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ready  for  immediate  use.  However,  the  Allies  never  at- 
tempted to  make  a  raid  on  the  German  naval  bases.  It 
might  have  been  very  embarrassing  for  the  lEnglish  to 
make  a  long  flight  across  the  North  Sea  and  then  run 
into  a  hornet's  nest  of  fighting  planes.  These  planes 
were  kept  in  steamheated  hangars,  fully  warmed  up. 
It  was  a  lesson  to  me  that  steam  heat  was  a  military 
factor  in  airplane  design.  At  one  station  there  were 
ninety-eight  new  planes  lined  up,  ready  to  start  out. 

In  addition  to  this  seaplane  protection,  the  patrol  and 
the  fighters  at  each  of  the  Zeppelin  stations,  was  a 
squadron  of  land  planes,  in  command  of  an  army  of- 
ficer detailed  to  the  naval  air  station.  These  planes 
were  ordinary  single-seater  fighters,  kept  ready  to  take 
the  air  on  receipt  of  an  alarm  from  the  seaplane  stations. 

On  the  matter  of  Zeppelin  vulnerability,  we  were  able 
to  get  certain  statistics  which  appear  to  show  that  the 
Germans  have  lost  about  50  per  cent  of  their  ships  by 
fire,  started  either  by  accident  or  as  the  result  of  ex- 
plosive bullets.  Taking  the  same  chances  with  the 
weather  as  the  Germans,  if  we  can  substitute  a  non-in- 
fiammable  gas,  such  as  helium,  for  hydrogen,  we  should 
save  50  per  cent  of  their  losses.  We  ought  to  save  all 
the  fire  losses.  The  United  States  is  in  a  commanding 
position,  having  the  only  known  available  supply  of 
helium.  We  should  forge  ahead  and  make  use  of  this 
asset  by  building  ships  of  the  Zeppelin  type  to  be  filled 
with  helium.  Learning  to  operate  will  be  much  cheaper 
for  us,  since  we  shall  not  burn  up  the  first  few  ships. 
The  production  of  helium  is  an  assured  success,  and  if 
we  can  lift  and  fioat  our  fine  constructive  work  with 
helium,  I  think  the  country  will  be  well  satisfied  with 
the  record  we  shall  make. 
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ADDRESSES  AT  THE  HOME 
COMING  SUPPER 

The  afternoon  technical  session  of  the  Society  held 
at  the  Hotel  Morrison,  Chicago,  111.,  Jan.  30,  was 
followed  by  what  was  termed  a  Home  Coming  Sup- 
per. About  400  members  and  guests  representing  vari- 
ous automotive  industries  were  present.  The  speakers 
of  the  evening  included  H.  H.  Merrick,  president  Chicago 
Association  of  Commerce;  Col.  Chauncey  B.  Baker,  motor 
transport  section,  Quartermaster  Department,  and  Presi- 
dent Kettering.  E.  E.  Peake,  executive  secretary,  Na- 
tional Automobile  Dealers'  Association,  acted  as  toast- 
master. 

ADDRESS  OF  E  E  PEAKE 

The  automotive  industry,  which  is  yours,  has  just 
slipped  in  on  us.  It  is  getting  bigger  and  bigger, 
and  I  think  we  who  are  interested  in  it  scarcely  realize 
as  yet  the  magnitude  of  it  or  what  it  is  going  to  mean. 
It  is  my  belief  that  the  invention  of  the  automotive  power- 
plant  marks  this  as  one  of  the  really  big  creative  periods 
of  the  world.  Self -moving  vehicles,  in  the  air  as  well  as 
on  land,  will  undertake  all  kinds  of  transportation.  In 
25  yr.  from  now  there  will  be  permanent  highways 
throughout  the  country,  electric-lighted,  and  of  course, 
policed.  There  will  be  the  farm  houses  all  along  these 
roads,  electrically  lighted.  Every  farmer  will  have  an 
automobile  and  few  will  have  a  horse.  There  will  be 
union  freight  stations  for  truck  haulage.  Chicago  will 
have  one  three  times  as  large  as  any  such  freight  station 
now  in  the  world.    There  will  be  passenger  stations  also. 

Just  now  we  are  all  talking  about  reconstruction.  We 
don't  know  much  about  it  and  several  of  us  hardly  know 
what  it  means,  but  I  for  one  think  it  is  fine.  I  have 
fallen  into  the  habit  of  using  the  word  along  with  camou- 
flage and  fuselage,  words  that  we  like  to  say,  but  to  be 
serious  for  a  moment,  the  length  of  time  needed  for  re- 
construction will  be  measured  by  the  use  the  business 
world  makes  of  the  car,  the  truck,  the  tractor  and  the 
airplane  in  bringing  life  back  to  normal  conditions. 
Business  in  this  country  cannot  walk.  It  cannot  follow  a 
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horse.  It  must  go  on  wheels  propelled  by  engines,  and 
I  am  sure  that  we  shall  all  watch  and  work  for  results. 
Those  who  are  in  the  business  need  no  encouragement  to 
push  their  particular  work. 


ADDRESS  OF  H  H  MERRICK 

The  things  accomplished  by  the  men  of  your  pro- 
fession and  by  this  splendid  organization  during  the 
war  are  well  known.  When  the  history  of  this  war  is 
written  the  Society's  deeds  will  appear  in  glowing  words. 
I  know  something  of  the  proportion  of  your  men  who 
have  given  of  their  time  and  service,  brain  and  effort,  to 
war  work.  When,  perhaps  during  our  generation,  the 
causes  of  this  war,  the  reasons  that  led  up  to  it,  the  his- 
tory of  the  war  itself  and  the  analysis  of  those  things 
that  made  for  the  winning  of  it  by  the  Allies  shall  all  be 
set  down,  we  shall  find  that  full  credit  is  given  to  what, 
I  consider  the  fundamental  reasons  for  our  success — ^the 
wonderful  spirit  of  America,  the  spirit  of  sacrifice,  of 
willingness  to  serve,  of  readiness  to  do  whatever  seems 
the  best  thing  to  do.  The  breaking  of  the  morale  of  the 
Germans  was  not  due  alone  to  the  magnificent  valor  of 
the  men  in  the  armies  of  the  Allies  and  our  boys,  but  to 
the  sudden,  complete  realization  that  our  nation  t>ver  here 
had  only  begun  to  fight;  that  the  civilians  back  here, 
107,000,000  of  them,  were  approximating  an  efficiency 
never  before  known  in  the  world ;  that  great  fleets  of  air- 
planes for  which  you  men  were  chiefly  responsible  would 
in  a  short  time  be  ample  to  wipe  Germany  from  the  face 
of  the  map;  that  our  tremendous  production  of  trucks 
and  of  foods,  the  cereals  and  fruits  of  the  soil,  made  it 
humanly  impossible  for  any  end  to  come  save  victory,  as 
our  flag  went  forward. 

It  is  said  that  republics  are  ungrateful;  that  things  are 
soon  forgotten.  One  of  the  chief  industries  of  today  in  our 
United  States  is  known  as  the  investigating  committee. 
I  happen  to  be  before  one  at  this  time,  temporarily  re- 
lieved that  I  may  address  you,  and  week  by  week,  and 
month  by  month  we  shall  hear  of  these  investigating  com- 
mittees made  up  of  Congressmen,  going  about  looking 
into  causes  of  ''the  death  of  the  horse  that  died  last  year,'' 
instead  of  considering  the  ones  that  should  lead  to  our 
prosperity  in  the  future,  and  the  country-wide  problems 
that  lie  ahead. 
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I  have  watched  you  men  through  the  war.  You  have 
been  regulated;  you  have  had  to  shut  down  because  of 
war  needs.  You  responded  well,  turned  from  the  manu- 
facture of  passenger  cars  to  trucks,  to  airplanes  or  air- 
plane parts,  and  there  was  not  a  murmur.  You  have 
swung  back  more  quickly  than  others  from  war  to  peace, 
you  have  a  cheer  Qn  your  lips  and  you  are  here  in  con- 
vention! That  is  the  spirit  of  America,  the  spirit  of 
which  we  are  all  proud. 

Now  let  us  drive  this  nation  ahead  as  it  has  never  been 
driven.  As  for  the  politician  who  wastes  time  in  investi- 
gating the  horse  that  is  dead,  let  us  scrap  him  as  we 
scrap  a  machine  that  is  worthless  and  a  liability.  Let  us 
get  rid  of  some  of  our  dead  wood  and  put  in  live  men. 
Let  us  do  the  thing  that  we  think  is  right  and  we  shall 
have  such  business  prosperity  and  success  as  we  have 
never  had  before.  Incidentally,  we  shall  do  more  for  the 
rest  of  the  world  than  if  we  study  the  theories  of  Herbert 
^Spencer  or  the  economic  dreams  of  the  sages.  The  ideals 
of  2000  yr.  ago  and  the  ethics  of  by-gone  ages  do  not  fit 
the  situation.  Let  us  do  the  thing  that  lies  before  us 
without  hindrance  from  any  man  or  nation.  Let  us  talk 
what  we  believe.  No  man  can  tell  us  to  stop  today  in 
these  United  States.    The  war  is  over! 


ADDRESS  OF  COL  CHAUNCEY  B  BAKER 

At  the  risk  of  boring  you,  I  am  going  back  just  a  little 
into  the  history  of  the  motor  car  in  the  Army.  It 
was  a  long  time  in  gaining  recognition.  There  were  rea- 
sons back  of  this  that  I  perhaps  would  not  be  applauded 
for  stating.  The  first  automobile  that  saw  service  in  the 
Army  in  an  ofiicial  way  came  along  in  1903.  I  remember 
it  very  well.  It  was  brought  out  in  exhibition  at  one  of 
the  annual  encampments  we  were  just  commencing  to 
have  in  those  days  and  a  distinguished  ofiicer  was  to 
catch  a  train  in  it  at  a  station  not  so  very  many  miles 
away.  He  started,  but  did  not  get  the  train  until  the 
next  day. 

That  little  thing  queered  the  automobile  game  with  all 
those  who  witnessed  the  trial  I  am  citing  this  merely 
to  show  you  how  very  young  you  all  are.  Little  was 
done  in  that  way  for  a  year  or  two,  but  in  1906  the  first 
unit  of  the  Army  was  equipped  with  automobile  service. 
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This  happened  to  be  the  headquarters  of  the  army  of 
pacification  that  went  to  Havana  in  the  autumn  of  1906. 

In  those  days  great  armies  did  not  go  abroad  as  they 
have  done  recently,  and  six  automobiles  were  enough  to 
equip  the  headquarters  of  that  small  body  of  troops. 
They  were  of  various  makes,  and  were  very  effective, 
lasting  to  the  end,  the  entire  2^  yr.  that  we  occupied 
that  country.  This  will  give  you  an  idea  of  the  great 
strides  that  had  been  made  in  3  yr. 

From  that  time  on  the  automobile  was  a  fixture  in 
the  Army  so  far  as  it  was  possible  to  induce  the  Ck)n- 
gress  to  furnish  funds.  That  was  not  easy.  I  had  some 
experience  in  that  line  myself.  The  first  motor  truck 
to  be  used  in  the  Army  was  purchased  in  June,  1907. 
It  was  sent  to  one  of  the  depots  and  was  so  frequently 
out  of  repair  that  it  was  not  looked  upon  with  great 
favor.  The  next  year  one  or  two  more  were  procured. 
It  was  not  until  1912,  however,  that  those  high  in  author- 
ity became  convinced  that  the  motor  truck  could  really 
take  the  place  of  the  Army  mule.  From  that  time  on 
the  movement  was  very  rapid.  In  1912  a  run  of  motor 
trucks  was  made  through  a  very  difiicult  part  of  our 
country  and  they  all  came  througn  the  test,  though  some 
of  them  had  had  more  or  less  assistance.  All  of  them  were 
met  at  every  stopping  place  with  a  multitude  of  spare 
parts,  and  the  whole  course  was  laid  out  so  as  to  afford 
opportunities  to  repair  the  trucks  as  the  parts  broke, 
showed  wear  or  got  out  of  order  in  any  way. 

By  the  end  of  that  fiscal  year,  June  30,  1913,  the  feel- 
ing had  become  very  general  that  what  we  needed  was 
the  motor  truck.  We  needed  a  stout  one  that  would  go 
where  any  ordinary  form  of  transportation  could  go. 
We  always  had  to  have  assistance,  however,  when  we  got 
close  up  to  the  troops,  and  it  never  came  to  be  the  belief 
of  the  Army  men  that  the  Army  mule  could  actually  be 
replaced  by  machines.  It  is  not  the  general  belief  yet 
except  in  places  where  the  troops  themselves  are  tied 
to  the  ground,  as  in  the  trenches,  or  localized.  When  on 
the  move  across  country,  over  fields,  ditches,  woods  and 
everything  else,  the  animal  transport  of  the  regimental 
organizations  has  still  been  maintained,  not  only  in  our 
own  Army  but  in  all  other  armies. 

On  June  30,  1913,  the  total  number  of  trucks  for  which 
funds  had  been  provided,  the  appropriations  of  Con- 
gress at  that  time  were  made  so  that  if  it  stipulated 
money  should  be  spent  for  matches  it  could  not  be  spent 
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for  candles,  was  six  in  the  United  States  and  one  in  the 
Philippine  Islands.  However,  by  a  strong  presentation 
to  Congress  we  were  able  to  do  much  better  from  that 
time  on,  and  gradually  the  number  in  use  in  the  Army 
and  other  places  increased  rapidly. 

At  the  beginning  of  the  last  Mexican  trouble,  when 
we  went  over  the  border  after  Villa,  we  had  more  than 
thirty  different  makes  of  truck  in  use.  That  may  seem 
like  a  departure  from  any  scheme  of  standardization  but 
as  a  matter  of  fact  it  was  in  pursuit  of  standardization 
that  this  vei^  considerable  number  of  trucks  was  intro- 
duced into  the  military  service,  the  object  of  it  being  to 
test  out  weaknesses  and  correct  them ;  to  give  the  makers 
and  the  engineers  the  opportunity  to  correct  errors. 
Certainly  the  work  that  we  gave  those  trucks  on  the 
Mexican  border,  and  later  on  over  the  border  in  Mexico, 
disclosed  whatever  weak  spots  there  were. 

At  the  time  the  expedition  started  from  the  Mexican 
border  after  Villa  this  large  number  of  trucks  was  dis- 
tributed among  the  Army  depots,  military  posts  and 
large  stations,  with  a  number  along  the  border,  but  there 
w^re  not  enough  of  a^y  one  kind  anywhere  to  be  or- 
ganized into  a  body. 

There  was  no  truck  organization  except  on  paper.  The 
draft  was  first  put  on  paper  in  1912  but  was  not  accepted 
by  the  War  Department  until  more  than  3  yr.  afterward. 
When  Villa*  entered  Columbus  and  shot-up  the  town, 
troops  started  to  the  south,  and  it  was  obvious  at  once 
that  some  means  other  than  mule  trains  would  have  to  be 
provided  to  supply  the  troops  that  were  to  follow  him  into 
the  interior  of  Mexico. 

This  had  all  been  foreseen  by  those  whose  business  it 
is  to  watch  these  things,  and  although  no  funds  had  been 
appropriated  arrangements  had  been  made  with  manu- 
facturers who  were  able  to  put  the  organizations  to- 
gether in  the  form  of  truck  companies,  which,  however, 
were  not  yet  recognized  by  the  Department.  They  were 
able  to  furnish  not  only  the  material  but  the  men.  In 
those  days  our  organization  provided  for  no  enlisted 
strength  and  for  no  commissioned  strength,  primarily  be- 
cause we  had  no  trucks,  but  we  had  the  paper  organiza- 
tion and  this  was  placed  in  the  hands  of  these  people. 
They  selected  for  us  men  who  were,  for  the  most  part, 
particularly  intelligent,  those  in  charge  being  exception- 
ally so,  and  they  were  so  prompt  in  turning  out  equii^)ed 
units  manned  with  trained  men,  that  in  one  instance  the 
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officer  who  was  to  take  command  of  a  company  in  Chicago 
failed  to  arrive  in  time.  Within  48  hr.  or  a  little  more 
the  company  had  reached  the  Mexican  border  by  rail,  was 
immediately  unloaded  and  was  able  to  deliver  stores  to 
the  troops  in  Mexico,  over  no  roads  at  all,  before  the 
troops  were  out  of  rations. 

One  after  the  other  the  truck  companies  were  put  on 
the  line  and  extended  at  the  maximum  rate,  almost  600 
miles  below  the  Mexican  border,  over  a  country  that  was 
absolutely  roadless  for  more  than  half  of  the  way  and 
mere  mountain  trails  the  rest  of  the  way.  That  continued 
until  the  expedition  of  10,000  men  was  Anally  brought 
out  of  Mexico. 

You  are  all  familiar  with  the  splendid  purpose  of  your 
Society  and  the  help  it  gave  to  the  Government  in  pro- 
ducing a  standard  truck  that  could  be  used  anywhere 
and  would  find  its  parts  wherever  you  could  take  it  In 
every  machine  shop  you  would  find  the  parts  to  repair  it, 
made  by  a  sufficient  number  of  manufacturers,  so  that 
there  would  never  be  any  question  as  to  the  practicability 
of  the  Government's  procuring  them,  and  let  me  tell  you 
what  led  incidentally  to  the  belief  that  this  was  a 
necessary  part  of  the  equipment  of  the  Army.  In  1898, 
as  you  know,  we  were  at  war  with  Spain  and  the  Army 
was  equipped  with  mule  wagons  manufactured  by  every 
maker  in  the  United  States.  We  had  a  standard  at.  that 
time  but  no  manufacturer  was  willing  to  follow  it.  He 
did  not  have  the  right  material  for  it,  there  was  not  the 
time  to  do  it,  and  he  turned  out  and  the  Government  ac- 
cepted the  particular  wagon  that  he  was  making.  As  a 
result,  in  the  particular  corps  I  was  attached  to,  we  re- 
ceived some  nine  or  ten  different  makes  of  these  wagons. 
We  would  ask  for  spare  parts,  and  get  them  for  probably 
nine  or  ten  other  makes  of  wagon.  The  storekeepers 
were  not  familiar  with  the  parts  themselves  and  good  as 
their  intentions  were,  they  would  send  down  the  wrong 
ones  if  they  did  not  happen  to  have  those  that  we  had 
specifically  asked  for.  They  thought  something  else  might 
answer  the  purpose.  It  did  not.  What  we  did  then  was 
to  go  into  the  swamps,  cut  green  timber  and  construct 
what  we  actually  needed  to  keep  our  wagons  in  repair.  It 
served  very  well  and  results  were  good,  but  it  is  not  al- 
ways possible  to  find  green  timber  and  it  will  not  repair 
motor  trucks. 

When  our  truck  plan  was  started  the  War  Department 
undertook  correspondence  with  the  various  manufactur- 
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era  and  users,  and  especially  with  your  Society,  and 
finally  developed  the  standard  truck.  I  do  not  know  how 
to  express  to  you  our  appreciation  of  the  manner  in  which 
the  members  of  this  Society  gave  the  very  best  of  their 
lifetime  of  effort  to  the  development  of  the  best  truck 
that  they  knew  how  to  make.  They  came  at  the  call  of 
the  Government  and  laid  upon  the  table  the  most  prec- 
ious products  of  their  brains,  and  these  were  welded  into 
that  standard  truck. 

It  was  claimed,  in  tl^e  first  place,  that  it  would  not  be 
possible  to  do  it.  Great  Britain  had  failed,  France  had 
failed.  It  was*  maintained  that  there  would  not  be  suffi- 
cient time,  that  no  truck  had  ever  been  produced  in  less 
than  from  1  to  2y2  yr.  and  that,  in  any  event,  it  would  be 
an  experiment. 

This  is  what  happened:  England  had  failed.  I  saw 
her  failure  myself  on  a  visit  to  her  factories.  France 
had  failed  before  making  a  real  effort.  Those  two  coun- 
tries are  not  supplied  with  the  standard  machines  that 
are  used  in  all  of  our  manufactories.  They  use  a  tre- 
mendously larger  amount  of  handwork  in  both  tliose 
countries  and  that  is  one  of  the  reasons  they  not  only 
did  not  succeed  but  did  i^ot  feel  the  same  necessity  for 
succeeding. 

The  decision  was  made  to  enter  upon  this  project  late 
in  July.  By  Sept.  10  the  drawings  for  the  truck  were  90 
per  cent  completed,  a  month  later  the  first  truck  was 
practically  completed  and  by  Oct.  19  the  first  standard 
trucks  had  reached  Washington  and  were  turned  over 
to  the  Secretary  of  War  and  later  to  the  President,  69 
days  after  the  order  to  go  ahead  had  been  given. 

By  Jan.  10  the  first  commercial  trucks  were  coming 
through  and  at  the  end  of  April  they  were  coming  at  the 
rite  of  eighty  a  day.  There  never  was  a  time  after  de- 
livery once  started  that  there  were  not  trucks  on  the 
docks  at  the  Atlantic  Ocean,  waiting  to  be  sent  overseas. 
In  other  words,  trucks  were  coming  through  faster  than 
it  was  possible  to  take  them  over. 

That  is  what  your  Society — because  the  members  of 
your  Society  are  the  people  who  are  responsible  for  that 
product  and  you  are  the  people  who  made  it  possible  for 
the  Government  to  do  that  thing — ^has  done,  and,  as  I 
started  in  to  say,  the  Government  has  nothing  but  thanks 
for  you  for  your  effort,  not  only  in  this  specific  case  but 
in  other  cases.  When  the  history  of  the  war  comes  to  be 
written  there  may  be  some  question  as  to  who  started 
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the  war,  but  there  will  never  be  any  ddubt  as  to  who 
ended  it  This  Society  and  its  members,  not  only  those 
shown  upon  the  service  flag  that  hangs  in  front  of  us, 
but  those  who  remained  in  the  factories  and  did  the  work 
that  had  to  be  done,  will  have  their  full  share  of  credit. 
When  the  flag  of  our  country  has  been  borne  upon  a  staflf 
tilted  toward  the  enemy,  it  never  yet  has  tilted  the 
other  way  until  victory  has  been  won.  In  this  victory 
you  know  that  you  have  had  your  full  share.  There  are 
those  who  are  represented  by  stars  on  the  service  flag. 
There  are  members  of  this  Society  who  are  represented 
in  stars  of  gold.  May  their  memory  shine  forever.  But 
remember  that  those  of  you  who  may  not  be  represented 
upon  that  service  flag  may  still,  I  beg  of  you,  allow  that 
we  who  wear  the  cloth  may  call  you  our  next  of  kin. 

ADDRESS  BY  CHARLES  F  KETTERING 

Out  of  the  great  experience  of  the  past  year  and  a 
half  we  have  gained  one  very  interesting  thing 
from  the  standpoint  of  the  engineer.  Into  a  great  com- 
mon pot  has  been  dumped  the  technical  information  and 
engineering  skill  of  all  the  industries.  We  have  now  at 
hand,  as  we  never  had  before,  a  mass  of  technical  infor- 
mation that  is  going  to  be  of  great  avail  Next  year  we 
shall  suffer  from  so-called  reconstruction,  but  out  of  it 
there  will  come  industrial  development  which  will  so  far 
surpass  the  things  we  are  familiar  with,  that  we  shall 
more  than  make  up  the  losses  we  have  had  during  the 
wartime  period. 

The  demand  for  engineering  work,  the  pressure  of  com- 
mercialism, may  drag  the  engineer  a  little  faster  than  he 
can  step,  if  he  does  not  avail  himself  of  this  information 
which  has  been  so  generously  given.  The  problems  that 
commercialism  is  forcing  upon  us  will  keep  us  running 
unless  we  grasp  the  situation,  analyze  its  factors  and 
work  together.  Now  is  the  time  for  us  to  card  index  for 
quick  reference  all  this  wonderful  information  which  we 
have  got  during  the  war. 

Along  with  our  aeronautical  development  have  come  a 
few  things  of  scientific  interest  that  I  want  to  mention. 
One  is  the  contribution  which  science  has  made  in  the 
way  of  communication.  As  is  well  known  to  you,  our 
American  planes  are  equipped  with  a  radio  telephone  so 
that  it  is  possible  for  a  man  in  the  air  to  communicate- 
with  his  fellow  pilots  in  the  air  or  with  headquarters  on 
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the  ground.  All  of  that  development  is  going  to  be 
carried  over  from  aeronautics  into  other  things.  Out 
of  this  development  of  radio  has  come  a  very  interesting 
thing,  as  applied  to  our  long-distance  telephone  work. 
Radio,  as  you  know,  emanates  in  a  spherical  method; 
that  is,  it  gives  out  waves  which  go  in  all  directions.  It 
used  to  be  necessary  to  have  rather  high-powered  sta- 
tions to  receive  and  to  send,  but  it  is  not  now.  It 
would  be  possible  tonight  for  us  to  take  two  little  card 
holders,  place  them  on  the  table  here  a  few  feet  apart, 
string  some  connecting  wire  between  them,  put  a  magni- 
fying device  in  place  and  listen  to  talk  in  Arlington.  We 
could  hear  the  battleships  along  the  Atlantic  coast  talking 
to  eacl^  other  witii  that  much  of  an  antenna  in  this  room. 
That  has  been  made  possible  by  our  ability  to  magnify 
the  radio  signals.  A  little  device  which  was  developed 
and  perfected  during  the  war  time  can  take  an  insig- 
nificant signal  such  as  we  would  get  over  these  wires  and 
multiply  it,  by  a  single  step,  1000  times.  Then  if  we 
cannot  hear  it,  multiply  it  1000  times  again,  which  gives 
1,000,000  amplifications  or  by  still  another  thousand  and 
we  get  1,000,000,000  amplifications.  The  chances  are  we 
can  hear  it  by  that  time  but  such  magnification  can  be 
kept  up  until  the  radio  signals  become  perfectly  definite. 
There  has  been  another  type  of  radio  developed  which 
is  of  great  commercial  importance  known  as  wired  wire- 
less. This  means  being  able  to  send  a  wireless  wave 
along  a  perfectly  defined  path  and  that  defined  path  a 
wire.  It  is  quite  different  all  the  same  from  passing  an 
electric  current  through  that  wire.  It  differs  in  this  way: 
If  you  are  sending  one  electric  current  through  a  wire 
and  try  to  send  another  through,  there  is  more  or  less 
congestion  at  certain  parts  of  the  wire.  With  this  wired 
wireless,  however,  it  is  possible  to  send  one,  two,  three, 
four,  six  or  ten  waves  simultaneously  without  any  in- 
terference. Long-distance  telephoning  is  being  carried 
on  today  between  Washington  and  some  of  the  points 
where  they  are  sending  four  simultaneous  messages. 
This  is  possible  by  using  a  special  frequency  to  call  the 
other  end  of  this  line  whether  it  be  St.  Louis  or  Kansas 
City,  without  interfering  with  important  business  which 
may  be  going  over  those  wires  at  the  same  time.  An- 
other very  interesting  thing  about  that  is  that  there  is  no 
distortion.  The  voice  comes  through  clearly  and  plainly, 
even  though  it  is  traveling  along  accompanied  by  various 
other  messages. 
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That  is  just  one  angle  of  the  development  that  has 
come  during  our  war.  The  same  development  can  be  ap- 
plied  to  matters  chemical  and  physical,  and  to  engineer- 
ing in  every  line.  The  engineer,  if  he  is  going  to  take 
his  proper  place  in  the  next  5  or  10  yr.,  must  learn 
more  per  cubic  inch  than  he  ever  learned  in  his  life  be- 
fore. He  has  got  to  be  entirely  awake.  We  are  going 
to  move  rapidly;  we  shall  see  marked  changes  in  every 
line  of  industry,  because  in  every  line  there  has  been  con- 
tributed new  information  and  new  things  that  a  year 
or  two  ago  we  thought  were  impossible,  if  we  thought  of 
them  at  all. 

Air  travel  will  be  made  possible  through  this  wireless 
communication  that  we  have  just  discussed.  There  is 
one  very  fine  thing  about  air  travel,  and  that  is  that 
we  can  select  the  kind  of  weather  we  want.  If  it  is  rain- 
ing in  Chicago,  as  it  almost  always  is,  and  we  don't  want 
to  come  to  Chicago  in  a  rain,  we  can  just  fly  above  it. 
I  am  not  sure  that  the  people  of  Chicago  know  that  the 
sun  shines  above  them,  but  it  does.  The  only  difficulty 
with  flying  above  the  clouds  is  to  know  where  you  are. 
tip  there  is  about  as  lost  a  place  as  we  can  get  into  on 
earth.  With  little  radio  signals  dotted  down  the  lin6 
25  miles  apart  and  telephone  receivers  at  his  ears,  the 
flyer  could  lie  down,  read  or  do  anjrthing  he  wished  up  in 
his  airplane  and  still  follow  his  course  across  the  country. 

Interesting  things  have  been  mentioned  here  tonight 
on  the  commercial  side  of  flying,  and  the  airplane  is  used 
as  a  synonym  for  speed.  I  want  to  use  it  as  a  symbol 
for  many  other  things.  The  reason  we  go  by  airplane 
is  that  we  want  to  get  there  in  a  hurry.  I  have  used  a' 
plane  commercially  for  the  last  year  and  a  half.  Colonel 
Baker  and  I  came  from  the  same  school;  were  graduated 
in  the  same  year.  I  happen  to  have  to  go  over  to  that 
university  once  a  month  to  attend  a  meeting  of  the 
board  of  trustees.  It  is  about  75  miles  from  where  I 
live  to  the  city  of  Columbus.  I  have  driven  over  there 
in  95  min.  because  a  fellow  was  ahead  of  me  and  pulled 
all  the  cops  off  the  road,  but  if  I  want  to  go  over  there 
as  a  high-grade,  law-abiding  citizen  I  have  to  take  about 
8  hr.  to  get  there;  to  make  a  10  a.  m.  meeting  I  must 
leave  at  7  in  the  morning.  If  I  go  by  airplane,  I  can  wait 
until  9  o'clock  or  later.  In  fact,  I  can  go  from  Dayton 
to  Columbus  as  quickly  as  another  member  of  our  board 
can  go  in  a  street  car  from  the  Union  Depot  in  Colum- 
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bus  to  the  University.  I  can  stay  there  until  8  o'clock 
and  be  back  home  at  3 :80. 

Such  economy  in  speed  is  so  fundamental  that  the  air- 
craft industry  will  live  regardless  of  v^rhat  we  think  about* 
it.  We  left  Dayton  at  11  a.  m.  and  were  in  New  York 
City  at  3  p.  m.,  555  miles  in  4  hr.  As  they  have  no 
regular  place  to  land  in  New  York  City,  we  went  25  miles 
the  other  side  of  it  to  get  down.  We  had  sent  telegrams 
to  New  York  City,  one  ordering  a  taxicab  to  meet  us  at 
Mineola,  another  for  rooms  at  the  hotel  and  another  for 
some  theater  tickets.  We  landed  at  Mineola  and  went 
into  town,  got  to  the  hotel,  cleaned  up  a  little,  took  a 
nap,  had  dinner,  went  to  a  theater  and  were  back  in 
our  rooms  at  11  p.  m.  just  12  hr.  after  we  left  Dayton. 
The  shortest  time  in  which  we  could  have  made  the  trip 
by  train  is  18^/^  hr.  That  is  a  practical  application  of 
what  can  be  done  if  conditions  are  right.  There  were 
a  few  places  on  that  trip  where  if  we  had  been  compelled 
to  come  down,  we  would  have  had  to  juggle  around  a 
little  bit,  but  then  we  would  have  come  down,  no  ques- 
tion about  that. 

When  we  get  this  radio-marking  across  the  country,  it 
will  be  possible  to  take  an  airplane  equipped  with  some 
new  compass  devices  we  already  have  and  some  other 
little  trinkets  that  were  developed  during  the  war,  put 
it  on  a  course  from  Chicago  to  Dayton,  and  turn  the 
flying  of  it  over  to  the  compass,  which  will  do  it  better 
than  we  could  anyway.  I  will  guarantee  that  without 
touching  the  machine  it  will  not  miss  the  city  of  Dasrton 
by  10  miles.  We  have  done  some  things  along  that  line, 
and  since  they  cannot  be  denied,  the  sort  of  thing  we 
hear  about  aircraft  being  unstable  and  fickle  sounds 
ridiculous.  We  have  flown  from  Dasrton  to  Indianapolis 
without  touching  the  controls,  missing  the  center  of  the 
city  by  less  than  1  mile;  also  from  Dayton  to  Columbus 
without  touching  the  controls,  missing  the  city  by  less 
than  %  mile.  There  is  no  reason  why  we  could  not  fly 
to  Kansas  City  if  we  had  to. 

I  am  talking  of  the  aircraft  business  because  it  is 
typical.  The  automobile,  the  tractor,  the  truck,  every  di- 
vision of  automotive  engineering  that  has  had  or  prom- 
ises to  have  development  equally  great,  has  struggled 
with  problems  of  equal  importance.  We  have  before  us 
fuel  problems.  We  have  a  lot  of  problems  that  must 
be  solved  by  coupling  together  all  the  engineering  knowl- 
edge available  and  directing  it  along  a  particular  line. 
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Nobody  is  satisfied  with  the  way  an  automobile  runs 
today,  because  of  the  fuel  supplied. 

It  is  pretty  definitely  settled  that  we  are  going  to  ac- 
cept just  exactly  what  we  get  in  the  way  of  fuels,  and  I 
would  say  in  defense  of  the  oil  companies  that  they  are 
giving  us  the  best  they  can.  We  can  quarrel,  about  the 
fuel  all  we  want  to,  or  design  engines  and  equipment 
that  will  handle  the  fuel  we  get.  When  we  have  the 
problem  solved  we  will  wonder  why  we  ever  worried  about 
it.  The  man  who  has  wire  fences  on  his  farm  is  not 
troubled  about  the  shortage  of  timber  for  fence  rails. 
We  shall  not  kick  about  the  quality  of  our  fuel  when  the 
engines  are  once  developed  that  will  handle  any  kind  of 
fuel.  It  is  no  longer  a  problem;  it  is  right  in  front  of 
us  today,  with  a  dozen  other  things  that  we  have  got  to 
do. 

New  materials  have  been  brought  out  during  the  war 
that  are  going  to  affect  all  sorts  of  design  in  just  exactly 
the  way  that  high-speed  steel  affected  the  machinery  in- 
dustry. The  introduction  of  this  new  steel  into  the  cutting 
tools  of  our  machinery  has  entirely  revolutionized  ma- 
chine design.  I  can  remember  very  distinctly  when,  not 
over  7  yr.  jtgo,  a  machinery  builder  came  into  one  of 
our  plants,  and,  because  of  the  failure  of  one  of  the 
tools  to  do  what  we  had  expected,  said  to  me  ''If  you  take 
that  fool  high-speed  steel  out  of  there  and  put  in  ordi- 
nary steel  you  will  have  no  trouble  with  the  machine." 
That  was  absolutely  true,  but  who  wants  to  run  his  ma- 
chines at  half  speed?  That  is  what  his  suggestion  meant, 
and  the  machinery  people,  after  trying  to  convince  us 
that  we  were  running  their  machinery  too  fast,  found 
out  that  neither  of  us  could  slow  down. 

Jt  is  well  to  remember  that  when  an  industry  or  a 
nation  gets  worked  up  to  a  certain  speed,  it  is  an  awful 
thing  to  slow  it  down.  We  have  learned  things.  We 
have  gained  the  ability  to  do  the  trick  of  going  ahead  in 
the  last  year  and  a  half,  and  nothing  will  slow  us  down. 
What  is  going  to  happen  is  that  the  fellow  who  believes 
we  shall  now  slow  down  will  himself  in  the  end  speed  up 
to  keep  along  with  the  procession. 


Digitized  by 


Google 


CHICAGO  MEETING  PAPERS 

ENGINE  PERFORMANCE 
By  H  L  Horning* 

EVERY  plow  in  use  should  have  10  b.-hp.  avarlable. 
Every  tractor  en^ne  should  deliver  continuously 
at  least  33  hp.  If  the  330-cu.  in.  engine  mentioned 
jvere  as  good  as  a  Liberty  airplane  engine,  it  could 
deliver  57  hp.  at  1000  r.p.m.  The  horsepower  actually 
obtained  is  as  follows: 

41.5  in  the  laboratory 

33.0  at  the  factory 

29.0  when  burning  gasoline 

23.0  when  burning  kerosene 

21.0  with  poor  piston-rings 

19.0  with  poor  spark-plugs 
9.5  available  at  the  drawbar 
The  great  engineering  problem  of  the  future  lies 
between  the  57  and  the  23  hp.  From  19  to  9.5  hp.  is  the 
manufacturer's  problem.  The  main  difficulties,  as 
outlined  by  the  figures  given,  lie  in  the  combustion 
chamber  and  its  ability  to  dissipate  the  surplus  heat, 
and  in  the  limitations  of  fuel.  There  will  be  no  need 
for  refiners  to  continue  to  break  up  the  heavier  fuels 
by  processes  already  so  successful,  if  by  ingenuity  and 
good  understanding  of  thermodynamics  these  can  be 
made  to  bum  in  present-day  engines. 

I  have  recently  had  a  very  striking  illustration  gf 
the  losses  that  occur  in  engines  from  the  time  they 
are  conceived  in  the  engineer's  mind  until  they  actu- 
ally commence  to  plow  the  soil.  I  have  sketched  here 
a  typical  case  of  a  330-cu.  in.  engine  that  I  happen  to 
know  about,  and  have  drawn  it  under  different  conditions 
so  as  to  show  what  is  lost,  and  also  to  trace  and  point  out 
the  problems  of  the  different  men  who  are  interested,  the 
engineer,  the  customer,  and  the  service  department.  I 
have  left  out  the  manufacturing  department  which  often 
takes  a  mean  advantage  of  the  engineer  in  the  shop. 

If  this  330-cu.  in.  engine  were  as  good  as  a  Liberty 
airplane  engine,  it  could  deliver  57  hp.  at  1000  r.p.m.    In 
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actual  test  the  best  we  can  get  in  the  laboratory,  with 
everything  in  fine  condition,  is  41.5  hp.  That  repre- 
sents about  100  lb.  mean  effective  pressure,  which  is 
about  the  best  we  can  obtain  from  an  engine  with  cast- 
iron  cylinders  and  all  the  hindrances  conmion  to  tractor 
engines. 

The  next  figure  is  the  best  possible  horsepower  that  a 
manufacturer  can  hope  to  get  from  his  engine  when  it  is 
ready  to  ship;  83  hp.  is  about  the  average  when  an  engine 
goes  out,  29  hp.  is  not  uncommon  with  gasoline,  23  is 
a  common  output  with  kerosene,  21  with  bad  piston  rings, 
19  with  bad  spark-plugs  and  9.5  is  available  at  the 
drawbar. 

This  diagram  shows  at  a  glance  the  inmiense  amount 
of  work  the  engineer,  the  manufacturer  and  everyone 
concerned  still  has  to  do.  The  province  of  the  engineer 
is  from  the  57  to  the  23  hp.  or  the  common  output  with 
kerosene,  which  is  not  good ;  within  these  limits  lies  the 
great  engineering  problem  of  the  future.  I  know  that 
a  great  many  experiments  are  already  being  carried  out 
to  improve  the  compression  at  which  engines  can  run  on 
kerosene;  the  common  tendency  at  the  present  time  is  to 
drop  the  compression  to  use  the  available  fuels  with 
their  heavier  constituents. 

The  problem  from  19  to  9.5  hp.  is  that  of  the  tractor 
manufacturer.  It  may  hurt  the  feelings  of  some  of 
them  to  use  these  figures,  for  a  few  can  easily  show  13 
instead  of  9  hp.,  but  it  is  not  unconmion  to  get  down  to 
the  lower  figure.  As  there  should  be  10  b.hp.  for  every 
plow  used,  it  is  realized  what  a  difiicult  situation 
this  is.  What  we  really  ought  to  have  is  an  engine 
actually  delivering  33  hp.  all  the  time.  Notwithstanding 
the  many  efforts  that  have  been  and  are  still  being  made 
by  engineers  to  bum  kerosene,  it  is  my  opinion,  after 
years  of  work,  that  kerosene  tractors  are  bought  by  the 
farmer  to  offset  the  possible  robbery  of  high  prices  on 
the  part  of  the  oil  interests.  After  they  get  their  kero- 
sene tractor  they  bum  gasoline.  I  do  not  blame  them 
after  noticing  the  performances  indicated  on  the  diagram. 
It  is  not  uncommon  to  drop  from  the  38  to  23  or  even  10 
hp.  in  the  attempt  to  bum  kerosene.  It  is  my  opinion, 
more  from  an  engineering  than  from  the  user's  point  of 
view,  that  the  user  would  be  better  off  if  he  bumed  gaso- 
line and  kept  the  extra  horsepower  continually  available. 

With  respect  to  the  question  of  fuel,  we  are  hearing 
and  I  presume  that  as  the  years  go  by  we  shall  hear  of 
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many  new- fuels.  But  there  is  a  limit  to  all  this.  Engi- 
neers must  come  to  the  realization  that  the  question  is 
not  one  of  producing  an  engine  for  a  particular  fuel;  they 
must  produce  an  engine  for  the  fuels  that  are  available  on 
the  market.  The  fuel  we  are  to  get  in  the  future  is  not 
the  fuel  that  oil  men  will  want  to  make;  it  is  the  fuel  they 
will  really  have  to  make,  and  it  is  an  open  question  wheth- 
er there  will  be  enough  to  go  around.  That  is  the  govern- 
ing factor. 

Another  problem  is  the  marketing  conditions.  One  of 
the  most  satisfactory  things  about  the  present  status  in 
the  gasoline  industry  is  the  fact  that  one  can  get  gasoline 
almost  anywhere.  To  build  up  the  organization  that  pro- 
vides our  present  distribution,  the  Standard  Oil  and  the 
other  oil  companies  have  worked  for  years  and  expended 
millions  of  dollars.  They  must  keep  large  reserves — 
sometimes  $50,000,000  each — ^to  meet  the  sudden  demands 
for  capital  which  occur  when  new  fields  are  opened.  It  is 
capital,  therefore,  in  the  form  of  supply  stations  and  or- 
ganization for  the  distribution  of  fuel  that  will  largely 
govern  the  types  of  fuel  we  are  to  have.  That  confines 
the  engineer's  problem  to  the  task  of  building  an  engine 
that  will  burn  any  fuel,  or  fuel  with  a  wide  range  of  boil- 
ing points. 

Using  Different  Fuels 

I  was  recently  greatly  pleased  to  have  a  tractor  manu- 
facturer describe  to  me  a  heavy-fuel  device  which  he  had 
devised.  By  turning  a  lever  he  could  vary  the  amount 
of  heat  applied  to  the  incoming  charge.  On  the  lever  was 
an  indicator  marked  Gasoline,  Distillate  and  Kerosene.  It 
was  very  simple  and  appealed  to  me  strongly.  The  trac- 
tor and  possibly  the  truck  of  the  future  could  be  equipped 
with  just  such  a  device.  Then  when  kerosene  is  needed  all 
the  driver  will  have  to  do  is  to  turn  the  little  knob  marked 
Kerosene;  if  he  wants  to  bum  distillate,  such  as  is  found 
in  California,  which  I  presume  will  be  available  more  and 
more  in  the  East  as  we  learn  to  bum  it  well,  he  will  turn 
it  on.  When  he  must  make  use  of  high-priced  gasoline  he 
will  have  it  at  hand.  That  seems  to  me  to  be  an  impor- 
tant step  forward.  We  should  realize  that  we  must  de- 
liver power  irrespective  of  the  fuel,  a  very  hard  condi- 
tion to  put  upon  engineers. 

In  the  summer  of  1915,  during  the  last  S.  A.  E. 
cruise  up  the  Lakes  from  Detroit,  I  had  a  very  pleas- 
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ant  talk  with  President  Kettering  on  the  possible  devices 
that  could  be  worked  out  for  catching  the  small  variations 
in  pressure  inside  of  cylinders,  and  Mr.  Kettering  has 
since  made  an  intense  study  of  this  problem.  We  have 
also  done  some  similar  work  in  our  factory.  It  was 
through  the  suggestion  and  help  of  Mr.  Kettering  that  we 
were  able  to  produce  a  manograph  which  will  allow  us  to 
spread  the  explosion  curves  out  and  produce  a  photo- 
graph in  which  1  in.  represents  0.001  sec. 

It  is  fascinating  to  sit  in  the  dark  and  watch  the  play  of 
the  curves  as  we  burn  kerosene,  then  inject  water,  and 
later  vary  the  fuel  to  gasoline.  There  is  a  wealth  of  knowl- 
edge to  be  gained  in  this  way  which  perhaps  few  engi- 
neers realize.  If  the  engineer  will  stop  long  enough  to 
adjust  the  carbureter  and  watch  the  various  changes  and 
curves,  he  will  probably  learn  more  than  he  could  in 
years  of  field  experience. 

One  of  the  interesting  things  we  have  learned  is  that  the 
heavy-fuel  knock  which  we  all  call  "preignition,"  is  really 
not  preignition  but  after-ignition ;  it  comes  about  20  deg. 
after  upper  dead-center  and  is  so  sudden  that  the 
pressure  rises  to  900  lb.  per  sq.  in.  As  a  matter  of  fact, 
I  have  8oen  the  pressure  go  up  to  1300  lb.  per  sq.  in.  The 
light  beam  moved  so  fast  that  the  photographic  film  failed 
to  catch  it.  Those  are  real  explosions.  They  take  practi- 
cally no  time,  so  far  as  I  can  measure  about  0.0002  sec, 
to  run  up  from  150  or  200  to  1300  lb.  The  heat  dissipa- 
tion is  very  rapid  and  the  pressure  drops  down  to  the 
previous  point  in  the  same  short  interval.  Several 
such  explosions  occur  one  after  another,  showing  that 
the  cylinder  is  not  doing  good  work;  the  fuel  differs  so 
much  from  the  lower  range  up  to  the  higher  that  we 
cannot  produce  conditions  in  the  cylinder  which  will 
permit  uniform  and  practical  burning. 

All  this  is  interesting  because  the  higher  the  atomic 
weight  of  the  fuel  and  the  heavier  the  kerosene, 
the  more  prone  it  is  to  break  down  under  pressure.  That 
is  th^  law  of  explosives.  If  you  want  to  have  just  a  little 
night  scene,  light  some  powder  on  a  table ;  the  powder  will 
blow  up,  but  very  mildly.  Put  a  plate  over  it  and  you  will 
have  a  little  fun.  Put  a  cast-iron  casing  around  it  and  you 
will  have  to  get  behind  the  building.  Put  it  in  a  chrome- 
nickel  steel  retainer  and  there  will  be  music  by  the  entire 
orchestra. 
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The  pressure  half  of  the  compression  and  the  first  part 
of  the  burning  of  the  fuel  run  the  pressure  in  the  cylin* 
der  so  high  that  the  unbumed  part  of  the  fuel,  that 
which  has  not  yet  ignited,  is  under  very  high  compression 
and  detonates.  This  has  proved  of  practical  interest,  for 
if  we  are  to  burn  kerosene  and  the  heavier  fuels  in  our 
present  form  of  gasoline  engine,  we  shall  have  to  design  a 
different  type  of  combustion  chamber  to  prevent  these 
high  pressures  from  getting  to  that  part  of  the  fuel 
which  has  not  been  burned.  The  ingenuity  of  some  of 
the  best  engineers  in  Europe  is  now  being  applied  to  the 
solution  of  this  problem,  and  I  have  no  doubt  that  there 
will  soon  be  marked  advances  along  that  line.  It  seems 
probable  that  one  of  the  ways  in  which  we  can  bum  the 
heavier  fuels  will  be  by  holding  this  terrific  explosion 
wave  or  pressure  back  until  we  can  feed  the  fiame  out 
gradually  into  the  other  part  of  the  charge. 

I  hope  that  nobody  will  ask  me  anything  more  about 
this  particular  phase  of  combustion  because  I  have  told 
you  all  I  know.  I  am  very  glad  to  have  advanced  thus  far. 
I  have  made  some  experiments  in  the  laboratory  which 
give  reason  for  hope.  I  recently  met  Mr.  Stiger,  and 
being  a  gasoline  carbureter  man,  he  said,  'There  is  noth- 
ing in  this  kerosene  movement;  there  is  nothing  to  be 
gained  from  it."  That  may  be  the  truth  and  a  solution 
of  the  difficulty.  As  soon  as  we  get  a  serious  demand 
for  gasoline  the  refiners  may  give  us  more  and  more 
gasoline  out  of  the  distillates  and  the  heavier  fuels,  but 
it  seems  to  me  that  the  future  will  impose  a  very  inter- 
esting problem  upon  our  engineers.  There  will  be  no 
need  for  the  refiners  to  break  up  the  heavier  fuels  by 
processes  already  so  successful  if,  by  ingenuity  and  good 
understanding  of  thermod3rnamics,  we  can  burn  them 
directly  in  the  engine.  It  would  be  a  great  mistake  to 
spend  money  on  fuel  that  could  be  saved. 

In  closing,  I  wish  to  call  your  attention  as  engineers 
to  something  that  I  observe  nearly  every  day,  either 
in  our  company  or  in  others.  The  S.  A.  E.  has  among  its 
members  some  very  good  engineers.  History  has  been 
made  by  the  work  of  these  engineers  and  they  are  emi- 
nently capable  of  producing  devices  for  the  gasoline  en- 
gine that  are  absolutely  efficient.  But  this  result  does 
not  always  get  through  to  the  purchaser.  Somewhere  in 
between  it  is  lost.  First,  they  produce  a  beautiful  de- 
sign, but  the  factory  changes  the  dimensions  and  off  goes 
10  per  cent;  then  the  superintendent  takes  10  per  cent 
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more;  the  chief  inspector  objects  to  fine  dimensions  and 
10  per  cent  more  is  gone. 

The  engine  is  shipped  out  to  the  user.  It  is  a  new,  raw 
engine  and  the  man  who  has  bought  it  has  perhaps  never 
run  an  engine  before.  It  takes  3  or  4  months  and  some- 
times a  year  for  it  to  get  down  to  smooth  running.  The 
first  month  is  the  worst,  but  if  the  owner  gets  through 
the  first  year  he  will  not  trade  his  engine  for  any  other. 
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FBRBNT   PHILS  AND   THS   VaBIOUS    PERSONS    VlTALLT    INTBRBSTED 

The  engineer  encounters  another  obstacle  in  the  serv- 
ice department.  I  have  sent  service  men  to  ten  places 
recently  where  they  were  having  trouble  with  our  en- 
gines. There  was  not  a  man  competent  to  give  first  aid 
in  one  of  the  ten  places,  although  one  station  was  a  gen- 
eral agency  and  repair  station  for  five  states. 

When  you  have  a  good  thing,  stick  to  it.  If  you  are 
working  on  kerosene,  for  instance,  do  not  give  it  up.  We 
are  running  in  a  circle  now.  It  is  a  bad  time,  but  there 
is  great  hope.  Those  of  you  who  have  worked  as  I  have 
for  3  yr.,  can  spare  time  for  night  work  in  the  laboratory. 
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trying  to  solve  the  problems  of  kerosene.  Engineers  vtrho 
are  v^illing  to  v^ork,  engineers  who  have  produced  the 
Liberty  engine  and  all  the  other  things  that  have  made 
it  possible  for  us  to  take  Chateau-Thierry  and  start  the 
war  the  other  way,  are  bound  to  get  somewhere. 

THE    DISCUSSION 

C.  E.  Sargent: — It  occurred  to  me  when  Mr.  Homing 
was  giving  us  the  points  of  disparity  on  this  diagram, 
that  there  is  an  explanation  for  the  trouble  which  he  de- 
plores. The  Liberty  engine,  which  is  a  poppet-valve  en- 
gine, gives  57  hp.,  and  the  tractor  engine  only  two-thirds 
of  that,  but  there  is  really  no  difference  in  the  thermody- 
namics.  The  pressure  is  the  same  and  the  speed  can  be 
made  the  same  in  both  cases.  I  would  like  to  ask  Mr. 
Horning  how  he  accounts  for  the  discrepancy  between  a 
tractor  engine  giving  its  best  horsepower  and  a  Liberty 
engine  giving  its  best  horsepower.  If  I  understand  cor- 
rectly what  he  has  shown  us,  it  does  not  seem  that  any 
comparison  can  be  made  between  the  two  and  I  do  not 
see  what  the  mechanical  differences  are. 

Mr.  Horning: — The  main  differences  lie  in  the  com- 
bustion chamber  and  its  ability  to  dissipate  the  surplus 
heat,  and  in  the  limitations  of  fuel.  It  is  possible  for  them 
to  carry  compressions  up  to  140  lb.  per  sq.  in.  and  I  un- 
derstand that  with  special  fuels  it  is  possible  to  carry 
these  up  to  250  lb.  I  also  understand  from  Mr.  Kettering 
that  when  they  get  up  to  150-lb.  compression  the  horse- 
power does  not  continue  to  increase.  No  doubt,  as  the 
radiation  of  heat  varies  as  the  fourth  power  of  the  abso- 
lute temperature  and  the  specific  heat  of  hot  gases  in- 
creases rapidly  with  temperature,  the  very  high  temper- 
atures gained  by  the  higher  compressions  are  not  avail- 
able as  power.  For  the  truck  we  have  an  engine  with  the 
ordinary  type  of  combustion  chamber ;  it  has  a  rough  sur- 
face; it  can  be  made  in  the  overhead  valve  type  with  all 
the  surfaces  unfinished.  It  seems  possible  at  the  present 
time  to  get  up  to  only  about  100-lb.  mean  effective  pres- 
sure, whereas  the  Liberty  aviation  engine  will  rise  to 
perhaps  140  or  145-lb.  mean  effective  pressure.  I  can  see 
no  other  difference  between  them  as  far  as  the  power  of 
generation  is  concerned. 

Of  course,  there  is  an  element  in  a  tractor  engine  which 
is  very  well  taken  care  of  in  the  aviation  engine  and  that 
is  the  stiffness  of  the  crankcase  and  the  size  of  the  crank- 
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shaft  Right  there  is  a  very  interesting  feature,  which 
Mr.  Milbrath  has  shown  to  good  advantage  in  his  paper. 
If  I  am  not  mistaken  the  connecting-rod  bearing  in  the 
Liberty  engine  is  2%-in.  diameter  by  3^4  in.  long,  and  in 
the  Class  B  Government  truck  engine,  around  which  Mr. 
Milbraith'ip  designs  are  developed,  the  connecting-rod 
bearing  is  2%  by  3  in.  There  is  very  little  difference  be- 
tween the  two  and  yet  the  output  per  cylinder  is  two  and 
three  times  greater  in  the  Liberty  engine. 

In  the  tractor  engine  the  great  value  of  crankshaft  size 
is  probably  in  the  stiffness  of  the  shaft.  The  engine  must 
keep  on  working  whether  the  bearings  are  taken  up  or 
not.  It  must  meet  the  conditions  of  the  farm  whereas  the 
Liberty  engine  in  the  hands  of  experienced  mechanics,  is 
taken  down  at  regular  intervals  and  the  bearings  if  worn 
are  thrown  away,  which  is  not  true  in  tractor  service. 

The  aviation  engine  has  been  brought  to  a  very  high 
state  of  efficiency  as  regards  friction  loss,  a  point  that 
does  not  always  have  the  necessary  attention  in  the  trac- 
tor engine.  There  is  no  doubt  that  the  future  holds  great 
development  in  the  line  of  horsepower,  power  that  can 
be  produced  day-in  and  day-out,  not  the  41.5  but  the  38 
hp.,  regardless  of  conditions. 

A  very  interesting  thing  happened  in  our  experiments. 
I  want  to  record  it  here,  and  perhaps  start  some  good 
sport  in  a  scientific  line.  While  working  in  the  dark  with 
kerosene  under  very  high  compression,  90  lb.  per  sq.  in., 
and  the  water  discharge  cut  down  so  that  the  engine  was 
sizzling  hot  and  the  radiator  ready  to  burst,  we  were  just 
about  to  take  a  photograph  of  the  high  pressures  being 
developed,  when  suddenly  a  spark  jumped  from  one  side 
of  the  engine  to  another,  a  distance  of  some  20  in.  It  was 
an  unexpected  phenomenon  and  I  immediately  turned  on 
the  light  to  trace  the  source  of  the  spark  if  possible.  I 
found  it  started  from  the  handle  of  the  priming-cock  and 
ended  on  some  metallic  object,  I  could  not  tell  what.  I 
have  repeated  that  experiment  many  times  and  had  8  and 
10-in.  discharges  from  the  priming-cock  handle,  always 
just  at  the  time  when  we  were  getting  the  very  highest 
pressure,  1300  lb.,  so  high  in  fact  that  the  copper  tubing 
was  ruptured  and  we  had  difficulty  in  holding  the  little 
aluminum  mirror  in  the  manograph  to  take  the  pressure. 
I  have  constructed  several  electrodes  and  placed  them  in- 
side the  combustion  chamber  to  see  if  I  could  duplicate 
the  phenomenon  with  an  electrode  of  the  proper  shape  to 
collect  whatever  charge  there  is.  Thus  far  I  have  not  suc- 
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ceeded.  I  have  thought  of  a  possible  scientific  explanation 
for  the  action  but  on  such  uncertain  grounds  that  I  take 
pleasure  in  laying  the  matter  before  you  with  the  idea 
that  there  are  some  here  vvrho  have  studied  deeper  into 
the  phenomena  of  ions  than  I,  and  may  be  able  to  give  us 
some  satisfactory  explanation.  Whether  the  burnt  gases 
passing  through  the  exhaust  valve  are  charged  vntii  one 
sign  of  electricity,  and  v^hether,  under  the  very  high  pres- 
sure and  with  the  spark  jumping  in  the  combustion  cham- 
ber, it  is  possible  to  collect  a  charge  from  the  mixture  and 
then  dissipate  it  to  the  air  along  natural  patiis,  are  the 
questions  to  be  answered.  I  shall  be  very  glad  to  have  the 
matter  discussed  either  here  or  in  writing.  In  it  may  lie 
one  of  the  ways  by  which  we  can  bum  the  heavier  fuels. 
Perhaps,  if  we  can  get  right  after  this  charge  which  is 
disturbing  conditions  in  the  cylinder,  we  can  burn  our 
fuel  in  a  much  smoother  and  more  perfect  way.  This  is 
pure  speculation,  but  I  look  forward  with  a  great  deal 
of  pleasure  to  hearing  from  some  of  you  on  the  subject. 

Charles  F.  Kettering: — Mr.  Horning  brought  up  a 
point  or  two  on  which  I  think  I  can  throw  a  little  light. 
The  horsepower  of  aviation,  truck  and  tractor  high-duty 
engines  needs  to  be  given  much  consideration  in  the  de- 
sign. In  the  first  place  you  cannot  take  an  engine  of  100 
or  125-lb.  compression  and  get  125-lb.  mean  effective 
pressure  in  it  with  any  kind  of  fuel ;  it  is  fuel  limitations 
rather  than  engine  limitations  that  cause  the  difiiculty. 
We  built  a  Liberty  engine  of  210-lb.  compression  last 
year  and  ran  it  perfectly  with  explosion  pressures  no 
higher  than  with  100-lb.  compression.  This  was  done  to 
ascertain  if  possible  to  what  extent  the  fuel  entered  into 
the  situation. 

In  the  low-gravity  fuels  we  have  a  type  which  breaks 
down  into  secondary  compounds,  some  of  which  are  highly 
detonating,  and  it  is  not  an  uncommon  thing,  as  Mr. 
Homing  has  mentioned,  to  witness  an  extraordinary  rise 
in  explosion  pressure.  That  pressure  adds  nothing  to  the 
energy  of  the  engine;  about  the  only  thing  it  does  is  to 
put  special  duty  on  the  bearings.  You  cannot  run  a  Lib- 
erty airplane  engine  on  ordinary  gasoline,  such  as  is  used 
in  automobiles,  with  a  wide  throttle,  because  you  get  bad 
hammering.  For  this  200-lb.  engine  we  made  up  a  fuel. 
You  can  build  a  fuel  just  as  you  do  building  blocks,  using 
the  ingredients  in  any  way  you  wish.  These  made  fuels 
did  not  behave  badly.  The  explosion  pressures  were  ex- 
actly the  same  whether  we  had  200  or  100-lb.  compression 
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in  the  engine.  That  may  seem  mysterious  but  it  really  is 
not.  If  you  have  a  fuel  which  will  bum  by  a  single  step 
from  carbon  to  carbon  dioxide  or  from  hydrogen  to  water 
the  pressures  can  go  no  higher  than  the  critical  tempera* 
tures  of  the  chemicals  in  combustion.  You  have  a  self- 
regulating  fuel.  The  fuel  we  constructed  for  this  very 
high  compression  has  molecules  of  the  same  size.  Any 
satisfactory  fuel  must  have.  The  distillation  curves, 
which  are  nothing  but  a  manner  of  weighing  molecules, 
must  be  closely  studied. 

Mr.  Homing  brought  up  the  point  that  after  you  have 
mn  the  compression  above  a  certain  point,  you  get  no 
marked  increase  in  horsepower.  You  should  not  expect  it. 
About  the  only  thing  to  be  gained  is  a  little  better  vol- 
umetric efficiency.  So  far  as  the  explosion  pressures  are 
concerned,  they  are  constant. 

Here  is  an  experiment  that  is  worth  trying.  Take 
an  engine  of  75  or  100-lb.  compression,  put  kerosene  in 
it;  and  get  it  warm.  It  will  hammer  badly.  Put  3  per 
cent  of  ethyl  iodide  in  the  kerosene,  and  even  if  you  raise 
the  compression  of  the  engine  to  125  lb.  it  will  not  knock. 
It  will  run  just  as  smoothly  on  kerosene  as  on  gasoline. 
The  interesting  question  is :  What  does  the  ethyl  iodide 
do?  If  some  chemical  reaction  enters,  what  is  it?  We 
analyzed  the  situation,  and  found  it  simple.  Iodine  is  a 
variable.  Below  1200  deg.  its  vapor  exists  in  molecular 
form;  from  1200  on  up  to  2200  deg.  it  exists  in  atomic 
form.  The  energy  required  to  change  from  molecular 
to  atomic  form  just  crushes  off  that  critical  temperature 
and  prevents  the  formation  of  the  secondary  compound. 
If  iodine  did  not  cost  so  much  it  might  be  us^d  to  over- 
come, the  difficulty  of  buming  kerosene.  The  number 
of  British  thermal  units  it  takes  to  change  iodine  from 
molecular  to  atomic  form  is  very  small.  Some  one  should 
work  up  or  find  a  cheap  substitute  for  it. 

The  knock  which  is  heard  in  a  cylinder  running  with 
a  fuel  that  will  crush  without  too  great  variation,  at  noi 
much*  over  the  critical  temperature,  is  not  premature 
at  all.  It  may  come  5  or  10  deg.  ahead  of  the  top  center 
or  on  the  down  stroke,  more  often  the  latter,  since  it 
takes  a  certain  time  to  reach  the  specific  heat  of  the 
gas  and  get  up  to  the  temperature  where  compounds 
begin  to  form.  An  analysis  has  shown  us  that  the  sec- 
ondary compound  which  detonates  and  causes  so  much 
trouble  is  acetylene,  one  of  the  results  of  the  combustion 
of  a  heavy  molecule.     If  you  pass  kerosene  through  a 
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tube  of  iron  filings  you  will  generate  a  certain  amount 
of  acetylene.  We  put  a  spectroscope  in  the  cylinder  and 
got  a  strong  carbon  line  on  the  spectrum  every  time. 
We  went  further  with  the  experiment,  and  found  that 
the  carbon  lens  was  illuminated  just  when  we  got  the 
peak  pressures. 

In  experimenting  on  these  fuels  we  started  with  benzol 
as  a  base,  because  it  seemed  to  be  the  most  degenerate 
fuel  we  could  get.  It  has  gone  through  the  acetylene 
stage,  and  in  itself  is  not  a  very  good  fuel,  for  the  reason 
that  it.  is  high  in  carbon,  so  we  put  in  a  certain  amount 
of  hydrogen.  Such  a  fuel  is  more  nearly  primary  than 
any  we  have  yet  found,  in  that  it  burns  by  a  single  step 
from  carbon  to  carbon  monoxide,  and  from  that  to  diox- 
ide. It  will  always  give  exactly  the  same  explosion, 
because  as  soon  as  it  bums  up  to  a  pressure  and  tem- 
perature where  the  products  disintegrate  it  quits  burn- 
ing. 

All  manographs  produce  a  wavy  line,  often  said  to  be 
due  to  the  inertia  of  the  indicator,  but  really  due  to  the 
characteristic  of  the  fuel.  As  one  becomes  accustomed 
to  looking  at  the  diagram  one  can  tell  by  the  number  of 
wiggles  exactly  what  kind  of  fuel  has  been  burned. 

I  hope  that  I  have  given  you  some  idea  of  why  we  get 
more  power  from  a  Liberty  airplane  engine  than  from 
the  ordinary  truck  engine.  We  select  a  fuel  which  w^ill 
not  break  down  and  which  will  not  be  detrimental  under 
the  pressure  and  temperature  used.  It  is  well  to  remem- 
ber, also,  that  the  cylinder  walls  of  a  Liberty  engine  are 
very  much  thinner  than  those  of  a  truck  engine,  which 
has  a  better  cooling  effect.  One  thing  the  engine  builders 
have  neve^  taken  into  consideration  is  the  time  rate  of 
changes  in  temperature.  You  can  heat  a  V2-in.  radiator 
just  as  hot  on  the  outside  as  a  1/6-in.,  but  nothing  like 
as  quickly.  With  the  rapidly  occurring  phenomena  we 
must  take  heat  oiit  just  as  rapidly  as  it  is  generated,  to 
prevent  the  temperature  from  going  up. 

I  shall  not  attempt  an  explanation  of  Mr.  Homing's 
spark.  As  he  suggests,  there  is  a  most  intimate  relation 
between  electricity  and  heat.  If  you  take  a  copper  plate 
and  connect  it  with  a  steam  pipe  or  some  heating  device 
on  one  side,  and  a  cold-water  pipe  on  the  other  side,  so 
as  to  get  a  heavy  transfer  of  heat  across  the  plate,  and 
then  put  an  electro-magnet  at  right  angles  to  this,  you 
will  deflect  that  heat  transfer  up  and  down  just  as  you 
deflect  an  electric  current ;  and  if  you  put  on  a  magnetic 
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f|eld,  one  side  will  run  hot  and  one  cold.  There  is  an 
absolutely  direct  relationship  between  thermal  conduction 
and  electrical  conduction.  Copper  is  a  good  conductor 
of  both  electricity  and  heat.  You  will  almost  always  find 
the  same  relationship  existing;  if  you  have  a  good  ther- 
mal condition  you  have  a  good  electrical  condition. 

There  is  an  enormous  amount  of  work  to  be  done  in 
studying  the  internal  conditions  of  a  cylinder,  and  it  is 
only  by  improving  our  manographs  and  learning  the 
chemical  composition  of  our  fuels  that  we  shall  ultimately 
get  results.  This  work  will  be  done,  however,  and  1 
venture  the  prediction  that  within  5  yr.  we  shall  be  burn- 
ing kerosene  just  as  easily  as  we  burn  gasoline.  The  rea- 
son we  have  not  made  greater  progress  is  that  the  problem 
so  often  proves  to  be  just  the  opposite  of  what  we  thought 
it  was.  We  have  not  solved  this  problem  because  we 
have  not  been  working  where  it  is. 

Engine  Power-Factor 

It  will  be  some  time  before  we  get  the  efficiency  from 
an  ordinary  engine  that  we  get  from  an  airplane  engine. 
In  this  work  it  is  well  to  be  able  to  make  quick  compari- 
sons of  some  of  these  things.  We  have  developed  a 
scheme  to  figure  rapidly  on  a  lot  of  engines,  basing  our 
calculations  on  what  we  call  engine  power-factor.  I  will 
take  a  Liberty  engine  for  illustration.  It  has  a  5-in. 
bore;  5  squared  is  25;  times  7  is  175.  Now,  175  multi- 
plied by  1700,  which  is  the  normal  rated  speed  of  the 
engine,  gives  something  like  290,000,  which  we  call  29. 
In  other  words,  if  that  engine'  has  a  power-factor  of  1 
it  will  give  29  hp.,  but  that  same  cylinder  gives  33,  34, 
or  35  hp.  It  has  a  power-factor  of  about  1.2,  which  is, 
by  the  way,  the  highest  that  has  ever  been  attained  with 
a  commercial  engine  of  any  kind. 

Taking  a  3  by  5-in.  cylinder,  such  as  is  used  a  great 
deal  in  motor-car  work,  three  times  3  is  9 ;  times  5  is  45. 
If  we  take  for  speed  2000  revolutions,  we  get  about  9  hp. 
for  a  power-factor  of  1.  We  know  that  the  ordinary 
3  by  5-in.  engine  does  not  give  more  than  about  0.8  of 
9  hp. ;  so  you  get  a  power-factor  of  0.8. 

When  you  have  the  power-factor,  the  figuring  is  very 
simple.  Leave  out  the  cylinder  area  and  the  i:  factor,  and 
get  these  based  on  the  power-factor.  This  is  nothing  less 
than  considering  the  volumetric  eflSciency  per  cubic  inch 
without  actually  turning  it  into  cubic  inches, 
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You  will  be  surprised  when  you  get  to  comparing  dif- 
ferent types  of  engines  on  that  basis.  Vou  will  fi^d  that 
kerosene  engines  all  run  down  to  a  power-factor  of  about 
0.6,  for  the  simple  reason  that  if  the  compression ,  is 
pushed  abnormally  high  disintegration  of  fuel  follows, 
high  pressures  come  in,  and  the  bearings  will  not  stand 
up. 

We  know  that  we  can  take  an  engine  out  when  it  is 
cold,  step  on  the  throttle  and  have  a  knock.  For  some 
reason  the  carbon  knock  has  always  been  considered  a 
mystery,  but  there  is  nothing  strange  about  it.  We  have 
done  nothing  but  insulate  the  cooling  system  from  the 
gases  and  introduce  a  longer  time-factor.  It  takes  longer 
for  heat  to  get  through;  consequently,  the  temperature 
of  the  gases,  even  though  the  engine  be  cold,  is  higher 
than  it  would  be  if  the  engine  were  clean.  We  can  make 
an  engine  knock  just  as  easily  on  a  cold  as  on  a  hot  day, 
because  of  the  time  it  takes  to  get  heat  past  the  critical 
temperature  at  which  compounds  are  formed.  When  they 
disintegrate  they  knock. 

The  problems  of  engine  knocks  and  carbureters  are 
problems  of  fuel,  absolutely.  We  use  a  fuel  of  a  given 
gravity,  but  this  does  not  mean  that  it  will  not  knock. 
It  is  just  like  potatoes.  You  buy  potatoes,  and  specify 
they  must  average  4  oz.  per  potato.  Some  weigh  ^  oz., 
and  some  2  lb.,  but  the  total  weight  divided  by  the  total 
number  in  the  bushel  will  be  4  oz.  Fuel  for  the  Liberty 
engine  could  not  be  anything  like  that.  If  you  had  a  4-oz. 
potato  as  your  guaranteed  potato,  they  would  all  have 
to  be  nearly  4  oz. 

Mr.  Horning: — In  starting  up  a  hill  on  a  cold  morning 
we  step  on  the  throttle  and  the  engine  knocks.  That  is 
exactly  whatwe  get  when  we  are  running  the  manograph. 
When  we  start  the  engine  cold,  with  the  heated  manifold, 
we  get  the  largest  weight  of  gas  in  the  cylinder ;  with  the 
largest  weight  of  mixture  we  get  the  greatest  weight  of 
oxygen  and  also  the  greatest  compressions,  which,  of 
course,  force  the  explosion^  pressures  up.  About  20  sec. 
after  the  start  we  get  the  really  high  pressures.  As  the 
engine  and  manifold  get  hotter  the  weight  of  charge 
entering  the  cylinder  becomes  less ;  hence  we  get  less  com- 
pression. Harry  Ricardo,  an  English  engineer,  calls  at- 
tention to  the  fact  that  the  biieaking  down  is  more  depend- 
ent on  pressure  than  it  is  oh  temperature,  which  our 
experience  indicates  is  the  case. 

Mr.  Kettering  called  attention  some  years  ago  to  the 
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fact  that  in  the  analysis  of  exhaust  gas  you  get  a  line  of 
wonderful  chemicals.  I  have  noticed  in  our  laboratory 
three  distinct  smells  from  the  exhaust.  If  the  exhaust 
is  rich  you  get  the  characteristic  smell  that  is  so  stifling. 
Gas  in  just  the  correct  proportion  gives  another  odor; 
a  lean  mixture,  still  another.  I  understand  from  Mr. 
Stratford  that  the  analysis  of  lubricating  oil  in  the  bot- 
tom pan  gives  formaldehyde  and  very  valuable  disinfect- 
ants. These  chemicals  in  the  bottom  of  the  crankcase 
were  caught  in  the  act  of  passing  from  one  composition 
to  another.  They  pass  down  into  the  crankcase  as  inter- 
mediate products.  There  is  no  doubt  that  we  shall  some 
day  have  a  great  industry  built  on  extracting  these  val- 
uable disinfectants  from  lubricating  oils. 

E.  B.  Blakely: — ^We  have  studied  with  moderate  suc- 
cess for  the  last  3  or  4  yr.  the  problem  of  burning  kero- 
sene through  the  medium  of  the  Hvid  engine.  I  have  not 
succeeded  in  interesting  very  many  engineers  in  the  in- 
vestigation. 

There  is  one  very  interesting  feature  about  the  Hvid 
engine.  It  has  its  own  still.  The  steel  cup  is  in  effect 
a  still,  with  ideal  conditions  for  breaking  down  fuels, 
high  temperature  and  high  pressure.  By  altering  the 
shape  and  volume  of  the  cup,  the  size  of  the  holes,  and 
the  amount  of  surface  presented  to  the  heat,  we  can  dis- 
till off  any  fuel  to  the  degree  we  want.  By  proper  pro- 
portioning of  the  cup  we  can  stop  the  distillation  process 
before  getting  down  to  the  heavy  tars  which  cause  most 
of  the  trouble.  If  engineers  will  give  the  principle  a 
little  thought,  and  investigate  the  method,  they  will  learn 
something  also  of  processes  of  handling  heavy  fuels. 
From  this  little  still  very  close  intimate  information  can 
be  gained  as  to  what  is  actually. taking  place. 
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A  MODIFIED  DESIGN  OF  CLASS  B 
TRl^CK  ENGINE 

By  A   F  MiLBRATH* 

THE  design  of  a  modification  of  the  Class  B  Govern- 
ment standardized  truck  engine  is  presented,  the 
principal  object  being  a  saving  in  weight  without  sacri- 
ficing either  durability  or  safety  factors.  The  crank- 
case  design  is  rigid,  but  the  metal  is  distributed  so  that 
the  weight  will  be  a  minimum.  The  crankshafts  are 
made  of  chrome-nickel  steel  of  an  elastic  limit  of 
120,000  lb.  per  sq.  in.,  which  further  carries  out  the 
idea  of  durability  with  low  weight.  The  connecting-rod 
length  is  slightly  more  than  twice  that  of  the  stroke, 
and  this,  with  light-weight  pistons,  obviates  vibration, 
without  adding  weight  to  the  engine  on  account  of  in- 
creased cylinder  height. 

The  flywheel  and  bell-housing  diameters  were  se- 
lected with  a  view  to  securing  enough  flywheel  weight 
for  smooth  running  without  increasing  the  engine 
weight  materially.  All-steel  supports  reduce  breakage 
of  arms  to  a  minimum.  The  manifolds  are  carefully 
designed  to  give  economical  performance,  even  with  low- 
grade  fuels.  A  full-force-feed  oiling  system  is  em- 
ployed. Provision  is  made  for  mounting  starters  and 
generators  by  standard  S.  A.  £.  flanges.  All  acces- 
sories are  mounted  so  as  to  prevent  interference  be- 
tween various  units  and  to  facilitate  adjustments  or  re- 
moval of  parts. 

The  return  to  regulalr  commercial  activities  after  a 
suspension  of  nearly  2  years  might  naturally  be 
expected  to  bring  with  it  the  embodiment  of  ideals 
developed  during  such  a  period.  Development  is  most 
rapid  during  a  time  of  need ;  the  newer  the  science  or  in- 
dustry, the  greater  the  progress.  Truck  and  tractor  engine 
designing  was  no  exception  in  this  case.  The  advance- 
ment is  naturally  not  as  great  as  in  the  newer  airplane 
industry,  but  the  war  period  has,  nevertheless,  left  a  last- 
ing stamp  on  the  commercial  car  engine. 

While  reports  to  the  contrary  have  appeared,  statistics 
will  show  that  the  standard  military  truck  engines,  de- 
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signed  under  Government  stimulus  in  Washington  some 
18  months  ago,  were  a  great  success,  and  we  now 
find  that  these  engines  will  be  used  in  a  number  of  com- 
mercial vehicles  also. 

Constructional  Details 

To  meet  the  demand  for  such  service,  a  4%  by  6-in. 
four-cylinder  engine  was  designed  by  the  company  with 
which  I  am  associated,  combining  features  for  dura- 
bility, with  a  total  weight,  however,  of  about  800  lb.  This 
has  been  accomplished  by  a  judicious  selection  and  pro- 
portioning of  materials,  and  the  adoption  and  adaptation 
of  many  features  of  design  of  the  Government  standard 
Claiss  B  truck. 

The  engines  are  of  the  L-head  type,  having  cylinders 
cast  in  pairs,  with  detachable  heads.  The  heads  are  se- 
cured by  large  properly  distributed  studs,  so  that  with  a 
copper-covered  gasket,  water  leakage  at  the  joint  is  pre- 
vented. The  valves  have  a  clear  diameter  of  2%  in.  and 
are  located  on  the  right  side  of  the  engine.  Liong  cast- 
iron  valve-guides  are  pressed  into  the  cylinders.  A  cham- 
ber formed  in  the  side  of  the  cylinders  and  enclosed  by  an 
oil-tight  cover-plate,  protects  the  valve-stems  and  valve 
tappets  from  dust. 

The  water-jackets  extend  slightly  below  the  travel  of 
the  piston-head  and  the  water  space  increases  from  about 
y2,  in.  at  the  lower  end  to  above  1  in.  at  the  top.  The 
water  enters  at  the  lowest  point  in  the  jackets,  on  the  side 
opposite  the  valves,  so  that  the  cylinders  are  self -draining 
through  the  pump.  The  water  outlet  is  at  the  highest 
point  on  the  cylinder-heads. 

The  crankcase  is  cast  of  aluminum  in  two  pieces,  with 
the  parting  between  the  upper  and  lower  halves  on  the 
center  line  of  the  crankshaft.  This  construction  makes  all 
of  the  bearings  very  accessible  for  adjustments  or  repairs. 
A  bell  housing  is  cast  integrally  with  the  crankcase  and 
entirely  encloses  the  fl)rwheel.  All  bearings  are  well  sup- 
ported by  ribs.  Four  through-bolts  are  used  on  each  main 
bearing,  to  carry  the  caps,  which  are  fitted  with  laminated 
brass  shims.  Through-bolts  are  also  used  for  the  oil-pan 
and  front  cover,  where  heavy  gaskets  are  provided  to 
make  oil-tight  joints.  The  cylinders  are  held  down  by 
shouldered  studs  with  castle  nuts  on  the  inner  ends. 

All  gears  are  encased  in  an  oil-tight  compartment  at 
the  front  end,  and  by  removing  the  front  cover  the  cam- 
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shaft,  idler  shaft  and  pump-drive  shaft,  with  their  gears, 
can  be  withdrawn. 

The  lower  half  of  the  crankcase  contains  the  oil  sump, 
which  extends  forward  only  to  about  the  center  of  the  en- 
gine, thus  giving  maximum  clearance  for  the  front  axle. 

A  large  combined  breather  and  oil  filler  is  fitted  to  the 
forward  left  side  of  the  engine  and  an  oil  level  indicator 
is  fitted  on  the  same  side  near  the  rear  end.  The  crank- 
case  is  so  designed  that  the  pistons  may  be  withdrawn 
from  the  lower  side. 

Use  of  All-Steel  Support 

A  special  feature  in  the  design  of  these  engines  is  the 
all-steel  support.  Aluminum  has  been  dispensed  with  for 
this  purpose  because  of  the  softness  and  low  strength  of 
this  material.  A  cast-steel  or  malleable  iron  supporting 
arm  is  bolted  to  the  rear  face  of  the  bell-housing  and  a 
large-diameter  trunnion  bearing  on  the  iron  gear-cover 
carries  the  forward  end.  This  gives  a  three-point  sus- 
pension which  relieves  the  engine  from  all  twisting 
strains.  In  case  a  unit  powerplant  t3rpe  of  transmission  is 
used,  this  bolts  directly  to  the  steel  rear  supporting  arm. 

The  crankshaft  is  of  heavy  construction  aQd  made  of 
chrome  nickel  steel.  It  is  2^  in.  in  diameter  on  the  front 
main  bearing  as  well  as  on  the  crankpins.  The.  center 
bearing  is  2  5/16  in.  in  diameter  and  the  rear  2%  in* 
The  front  and  connecting-rod  bearings  are  S  in.  long, 
the  center  bearing  2%  in.  and  the  rear  4  in.  The  rear 
bearing  is  also  provided  with  collars  to  take  up  all  end- 
thrust.  A  flange  is  forged  integrally  for  the  mounting 
of  the  flywheel.  The  crankshafts  are  sand-blasted  after 
heat  treatment  to  remove  all  scale,  and  the  finished 
shafts  are  put  into  running  balance.  Oil-holes  are  drilled 
from  the  main  bearings  to  the  crankpins. 

Connecting-rods  are  12%  in.  long,  of  I-beam  section, 
drop-forged  of  0.85  per  cent  carbon  steel,  and  are  heat 
treated  to  give  maximum  strength.  The  big  ends  have 
four  chrome  vanadium  steel  bolts  and  are  fitted  with  bab- 
bitt-lined bronze  bushings  and  laminated  brass  shims. 
The  upper  ends  are  fitted  with  removable  bronze  bush- 
ings. Oil  tubes  are  riveted  to  the  rods  to  carry  lubri- 
cant from  the  big  to  the  upper  ends. 

The  pistons  are  made  of  cast  iron,  thoroughly  sand 
blasted,  machined  and  ground  accurately  to  size.  The 
heads  are  supported  by  cross  ribs,  two  of  which  extend. 
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down  to  the  piston-pin  bosses.  Three  rings  are  carried 
at  the  upper,  and  four  oil  grooves  at  the  lower  end,  and 
the  pistons  are  relieved  a  short  distance  around  the  pis- 
ton-pin bosses. 

The  piston-pins  are  1%  in.  in  diameter,  are  turned 
from  hollow  bar  steel,  case-hardened  and  ground.  They 
are  held  in  the  pistons  by  lock  screws  which  in  turn 
are  secured  by  special  lock  washers.  As  a  precautionary 
measure  against  scoring  of  cylinders,  split  washers  are 
sprung  into  the  outer  ends  of  the  piston-pin  bosses  to 
prevent  the  protruding  of  the  piston-pins. 

The  camshaft  is  forged. in  one  piece  of  0.20  per  cent 
carbon  steel.  The  bearings  are  of  large  diameter  so  that 
the  cams  will  clear  when  shafts  are  withdrawn.  A  flange 
id  forged  at  the  forward  end  to  which  the  camshaft  gear 
is  attached  by  four  through-bolts.  The  camshafts  are 
held  .against  a  flange  on  the  front  bearing  by  a  spring  and 
plunger  in  the  front  gear  cover.  The  rear  end  of  the 
camshaft  carries  a  hardened  steel  helical  gear  for  driving 
the  vertical  oil-pump  shaft. 

The  valve  tappets  are  1%  in.  in  diameter,  are  case- 
hardened  and  carry  hardened  steel  rollers  running  on 
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hardened  pins.  Adjusting  screws  are  fitted  at  the  upper 
ends.  The  valve  tappet  guides  are  made  of  cast  iron  and 
are  held  in  position  in  the  crankcase  by  crab  forgings  and 
studs.  By  removing  the  crabs  the  entire  tappet  assembly 
may  be  removed. 

The  gears  are  1^  in.  wide,  with  helical  teeth,  cut  at 
an  angle  of  27^  deg.  The  camshaft  and  idler  gears  are 
of  cast  iron,  while  the  crankshaft  and  pump-drive-shaft 
gears  are  forged  of  steel.  The  idler  gear  is  dished  and 
is  mounted  on  a  shaft  IV2  in.  in  diameter  and  4  in.  long, 
running  in  a  babbitt-lined  bronze  bearing  in  the  crank- 
case.  Like  the  camshaft,  the  end-thrust  is  taken  between 
a  flange  on  the  bearing  and  a  spring  plunger  in  the  front 
gear  cover. 

All  bearings,  including  the  main  and  connecting-rod, 
the  camshaft,  idler  and  pump-drive-shaft  bearings,  are  of 
babbitt-lined  bronze.  The  bearings  are  bored  and  reamed 
in  position  in  a  fixture  and  the  shafts  then  lapped  in,  with 
a  power  lapping  machine,  giving  a  full  bearing  before  the 
engines  are  assembled.  All  bearings  are  properly 
grooved  for  lubrication,  and  the  dimensions  are  such 
that  bearing  pressures  are  well  within  the  limits  of 
safety. 

The  exhaust  and  inlet  manifolds  are  of  iron,  cast  in- 
tegrally, so  that  sufficient  heat  will  be  supplied  to  the  in- 
coming fuel  to  vaporize  it  properly  for  economical  car- 
buretion.  This  is  becoming  more  necessary  with  present 
heavy  fuels,  to  reduce  to  a  minimum  the  leakage  of  fuel 
by  the  pistons,  with  the  resulting  rapid  wear  of  all  parts 
of  the  engine  due  to  diluted  lubricating  oil. 

Cooling  and  Lubricating  Systems 

The  water  circulation  is  by  a  cast-iron  cen|;rifugal 
pump  with  a  bronze  rotor.  This  pump  is  carried  in  brack- 
ets cast  integrally  with  the  crankcase  on  the  left  side 
or  opposite  the  valves.  The  water  pipes  are  carefully 
proportioned  to  the  amount  of  water  flowing  at  the  vari- 
ous sections,  and  the  circulation  is  designed  to  reach  all 
vital  points,  such  as  the  entire  valve  seats,  exhaust  ports 
and  spark-plugs  as  well  as  cylinder-heads  and  barrels. 

A  rigid  fan  bracket  is  mounted  by  four  studs  on  the 
front  end  of  the  crankcase,  and  a  vertical  adjustment  for 
fan  belt  tension  is  provided.  The  fan  belt  is  2  in.  wide, 
ample  to  drive  an  efficient  fan  without  undue  slippage  and 
wear  on  the  belt. 
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A  magneto  bracket  is  cast  integrally  with  the  crank- 
case  and  is  suitable  for  any  type  of  magneto,  either  plain 
or  with  impulse  starter  coupling.  The  magneto  is  driven 
off  the  rear  end  of  the  water-pump  shaft  through  a  flex- 
ible coupling. 

Driven  off  the  rear  end  of  the  camshaft,  a  vertical  shaft 
is  provided,  which  may  be  used  as  a  timer  or  governor 
drive.  The  varioui^  commercial  governors  on  the  market 
can  be  mounted  on  these  engines. 

The  lubricating  system  is  of  the  force-feed  type.  A 
gear  pump  bolted  to  the  crankcase  and  extending  down 


One  of  the  Larger  Sizes  of  the  Same  Line  or  Engine  Showing 
THE  Group   Arrangement  of  Cylinders 

into  the  oil  sump  pumps  the>  oil  under  pressure  to  a 
header  cast  into  the  crankcase.  From  the  header,  leads 
carry  the  oil  to  the  main  bearings,  then  through  the 
drilled  crankshaft  to  the  crankpins,  and  through  the  tubes 
on  the  rods  to  the  piston-pins.  The  overflow  from  the 
crankshaft  and  rod  bearings  forms  a  spray  which  lu- 
bricates the  cylinders,  cams  and  tappets.  Oil  pockets  are 
provided  on  the  camshaft  bearings  and  idler  and  pump- 
drive-shaft  bearings.  An  oil  feed  to  the  gears  is  also 
provided  at  the  front  end  of  the  oil  header.  The  small 
helical  gears  on  the  rear  end  of  the  camshaft  run  in  an 
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oil  pocket  Openings  are  cast  leading  into  the  valve 
spring  chamber,  so  that  the  oil  vapor  can  reach  the  valve 
stems. 

A  relief  valve  is  fitted  to  the  oil-pump,  set  to  a  pressure 
of  15  lb.  per  sq.  in.  The  oil-pump  is  surrounded  by  a  large 
strainer,  removable  for  cleaning  purposes  from  the  bot- 
tom of  the  engine,  without  disturbing  other  parts. 

Provision  is  made  for  mounting  electric  starters  and 
generators  by  the  S.  A.  E.  standard  flange  method.  The 
generator  is  carried  at  the  forward  right  side  of  the  en- 
gine and  the  starters  on  the  oil-pan  just  ahead  of  the  bell- 
housing,  also  on  the  right  side.  The  distribution  of  the 
various  accessories  on  these  engines  has  been  carefully 
worked  out,  so  that  ample  room  is  provided  to  get  at  all 
units,  and  the  valve-spring  cover-plates  are  also  unob- 
structed. 

On  the  test  block  this  engine  will  develop  26  hp.  at 
600  r.p.m.,  35  hp.  at  800  r.p.m.,  44  hp.  at  1000  r.p.m.,  and 
52  hp.  at  1200  r.p.m. 

This  model  can  also  be  furnished  with  5-in.  bore  cylin- 
ders, in  which  case  the  power  developed  is  about  10  per 
cent  higher. 

Two  other  sizes,  a  4  by  6-in,  and  a  4^  by  6-in.,  are 
also  being  built.  These  engines  follow  the  foregoing 
specifications  throughout  with  the  exception  that  the  cyl- 
inders are  cast  in  block  instead  of  in  pairs,  and  the  valve 
tappets  are  of  the  mushroom  type.  The  various  dimen- 
sions are,  of  course,  reduced  proportionately  and  the 
weight  is  about  660  lb. 

For  the  smaller  powers  3%  by  5-in.  and  4  by  5-in. 
sizes  are  being  offered.  With  a  few  exceptions  these  en- 
gines follow  the  same  general  design.  The  weight  of 
these  models  is  about  525  lb. 

The  power  developed  by  these  latter  units  at  1000 
r.p.m.  is  83,  38,  28  and  27  hp.  respectively. 
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PROGRESSIVE  AND  RETROGRESSIVE 
DESIGNING 

By  Otto  M  Burkhardt' 

SOME  practical  examples  of  correct  as  well  as  of  in- 
correct methods  of  desi^rninfi:  are  studied,  using  a 
motor  vehicle  for  illustration.  The  mechanism  of  such 
a  vehicle  should  be  very  simple,  and  the  elimination  of 
certain  links  and  members  here  and  there  may  become 
more  or  less  desirable.  It  is  essential  to  know  how 
much  this  will  burden  other  members,  and  what 
strengthening  or  even  redesigning  may  become  neces- 
sary. 

It  has  been  proposed  to  eliminate  the  torque  and 
radius-rods.  By  formulas  and  drawings  the  author 
shows  how  complex  the  problem  is  and  the  various 
changes  that  must  follow  such  an  attempt.  A  vehicle 
must  have  much  stiffer  springs  if  the  torque  rod  is  to 
be  eliminated.  This  inevitably  leads  to  a  study  of 
springs  and  of  the  influences  of  brakes.  A  vehicle  can 
be  operated  at  somewhat  higher  speed  with  a  torque- 
rod.  Several  printed  statements  and  diagrams  are  cited 
to  show  that  certain  fundamental  principles,  apparently 
fairly  well  understood,  are  being  overlooked  by  design- 
ing engineers. 

There  is  also  much  misconception  among  designers 
regarding  crankshaft  bearing  sizes  and  loads.  Taking 
four  cases  for  illustration,  the  various  problems  con- 
nected with  bearing  loads  are  worked  out  and  diagrams 
prepared  to  show  results.  Several  tables  are  given 
summarizing  data  in  the  text  and  in  a  comparison  of 
results,  '^le  of  thumb"  information  and  other  highly- 
esteemed  authority  are  proved  to  be  in  error. 

If  a  designer  is  endowed  with  a  limited  amount  of 
originality  he  may  consider  himself  well  adapted  to 
his  chosen  occupation.  Originality  somewhat  resem- 
bles fire  and  water;  it  can  be  dangerous  if  carelessly 
employed.  Equally  dangerous  is  the  mania  for  imitating. 
In  this  age  of  commercialism  we  know  that  many  imi- 
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tations  of  perfectly  good  originals  have  proved  to  be  dis- 
mal failures. 

I  propose  to  discuss  some  practical  examples  repre- 
sentative of  correct  as  well  as  wrong  methods  in  de- 
signing. As  there  is  perhaps  nothing  at  present  of 
greater  interest  to  all  of  us  than  our  means  of  trans- 
portation, let  us  study  a  motor  vehicle. 

The  mechanism  of  a  motor  vehicle  should,  for  many 
very  obvious  reasons,  be  a  model  of  simplicity.  In  con- 
sequence the  elimination  of  certain  links  and  members 
here  and  there  has  become  more  or  less  desirable.  How- 
ever, if  one  member  is  to  be  discarded,  it  is  essential  to 
know  how  much  more  other  members  will  be  burdened. 
Frequently  strengthening  or  even  redesigning  becomes 
necessary. 

Torque  and  Radius  Rods 

Let  us  take  as  a  specific  example  the  elimination  of  the 
torque  and  radius  rods.  The  reaction  of  the  torque 
transmitted  to  the  driving  wheels  of  a  motor  vehicle  has 
a  tendency  to  lift  the  front  wheels  off  the  ground.  In 
fact,  if  the  torque  were  sufficient  and  the  resistance  to 
rolling  large  enough,  as  would  be  the  case  with  fixed 
wheels,  the  chassis  would  turn  about  the  driving  wheels. 
The  torque  necessary  to  raise  front  wheels  off  the  ground, 
as  illustrated  in  Fig.  1,  is 

TxR  =  WfXb 
In  this  equation 

T  =  Tractive  force  at  circumference  of  driving  wheels 

in  pounds 
R  =  Radius  of  driving  wheels  in  inches 
Wf  =  Load  on  front  wheels  in  pounds 
h  =  Len^h  of  wheelbase  in  inches 

From  t^is  equation  we  find  that  the  force  tending  to 
lift  the  front  wheels  off  the  ground,  if  a  certain  torque 
r  X  ^  is  transmitted  through  the  rear  wheels,  can  be  ex- 

Ty'R 
pressed  by  the  equation  Wf  = — ^ — 

Let  us  denote  by  W  the  weight  of  a  motor  truck 
when  loaded.  The  weights  on  the  rear  and  front  wheels 
will  be  about 

8  TT.  W 

tFr  =  — T— and  17/ =-T- respectively 
4  4 

The  tractive  force  of  heavy  commercial  vehicles  is  gen- 
erally smaller  than  0.6TFr,  but  for  passenger  cars  it  is 
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frequently  larger.  We  may,  therefore,  take  it  as  a  prac- 
tical average  value.  For  a  v^heelbase  of  8.4  times  the 
radius  of  the  driving  wheels,  we  find  that  under  the 
given  circumstances  the  force  tending  to  lift  the  front 
wheels  off  the  ground  is 


Wf  = 


TxR    o.exWr 


8.4 


^  0.0536  W 


The  latter  amount  is  equal  to  21V^  per  cent  of  the 
weight  on  the  front  wheels.  As  this  phenomenon  lends 
itself  admirably  to  the  determination  of  the  tractive 
force,  it  was  utilized  in  some  well-known  experiments  by 
Professor  Riedler. 

We  may  now  with  advantage  apply  our  equations  to  a 
practical  example.  This  shall  be  a  5-ton  truck  of  20,000 
lb.  gross  weight  exclusive  of  unsprung  weight.    Hence 

Tr  =  20,000  lb. 

Q    m 

Wr  =— —   =  15,000  lb. 
4 

Wf=^  =  5000  lb. 
4 

The  truck  is  equipped  with  an  engine  developing  50 
hp.  at  1000  r.p.m.  The  total  gear  reduction  is  50  to  1 
in  low  gear  and  the  efficiency  of  the  mechanism  we  shall 
take  as  80  per  cent.  The  diiciency  is  usually  taken  as 
70  per  cent  if  the  maximum  drawbar  pull  is  to  be  de- 
termined. The  latter  figure  includes  the  rolling  losses, 
whereas  in  our  case  only  the  losses  between  engine  and 
rear  axle  can  be  subtracted. 
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We  obtain  therefore  a  driving-power  reaction  moment 
of 

TXR  =  ^^-^^^X  60  X  0.8  =  126,000  in-lb. 

With  a  14-ft.  or  168-in.  wheelbase,  Fig.  2,  we  obtain  a 
force  tending  to  raise  the  front  axle  of 

™       126,000      „^  ^ 
Trr=-^^  =  7B0Ib. 

The  chassis  shown  in  Fig.  2  is  provided  with  a  torque 
rod.  This  member,  as  is  well  known,  is  employed  to  im- 
part the  wheel-power  reaction  to  ttie  frame.  As  the 
torque  rod  is  60  in.  long,  it  is  evident  that  the  pressure 
exerted  at  the  front  end  of  it  is 

P'  =  i?^  =  2620  1b. 
60 

This  pressure  is  comparatively  small  and  easily  taken 
care  of. 

As  a  single  force  cannot  balance  a  couple,  we  must 
have  another  force  equal  and  opposite  to  P"  with  its 
point  of  application  in  the  center  of  the  axle.  The  latter 
force,  being  the  reaction  of  the  former,  has  been  denoted 
by  P''.  We  shall  now  resolve  the  force  P  into  two  com- 
ponents Ff  and  P'r  with  their  points  of  application  in 
the  centers  of  the  front  and  rear  axles  respectively.  The 
former  of  the  two  components  is  what  we  have  thus  far 
known  as  TFV»  ^  ^6  shall  presently  see.    It  is 

If  we  now  subtract  P'r  from  P''  we  obtain 

P'  —  P'r=:  2620  — 1770  =  760  lb. 

The  force  P"  —  Pr  is  therefore  also  equal  to  Wf,  but 
acting  in  the  opposite  direction. 

From  this  it  follows  that  when  maximum  torque  is 
transmitted  through  the  rear  wheels,  the  respective  loads 
on  the  rear  and  front  wheels  have  changed  to 
W'r  -=Wr  +  Wf  =  16,760  lb.  and 
W'f  ^Wf  —  Wf  =  4260  lb. 

Let  us  now  take  another  torque  rod  the  same  length  as 
the  one  just  considered  but  anchored  to  the  rear  axle  in 
such  a  way  that  both  ends  can  be  fastened  to  the  frame 
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at  equal  distances  from  the  center  of  the  rear  axle.  It  is 
evident  that  in  this  case  the  pressures  on  both  ends  of 
the  torque  rod  will  be  the  same,  i.e.,  2520  lb.  If,  how- 
ever, we  choose  a  rear  spring  to  take  the  place  of  the 
torque  rod  the  whole  condition  is  changed. 

To  prove  our  contention  a  chassis  has  been  shovni  in 
Fig.  3,  in  which  the  springs  take  the  place  of  the  torque 
rod.  With  the  same  power  and  gear  ratio  v^e  have  the 
same  driving  power  reaction  moment  as  before,  i.e.  126,- 
000  in  lb.  The  force  couple  constituting  this  driving 
power  reaction  moment  we  have  denoted  by  P"  and  P'\ 
It  is  in  this  case 

p.  =  p-  =  12M00^6040  1b. 

Resolving  P'  into  P'f  andP'r  gives 

p.,  =  504^  ^^5^,^ 

p.,  =  5040^143  ^^j^, J, 

Since  P^f  =  W^f  we  have  as  in  the  former  case 
Wf  =  Wr  —  P'f  =  5000  —  750  =  4250  lb.  and 

W"r=:Wr  +  P^^  P'r  =  16,760   lb. 

The  force  F"  must  be  considered  as  an  addition  to  the 
weight  of  the  rear  axle.  Now  it  must  be  conceded  that 
it  is  essential  to  reduce  all  unsprung  weight  to  a  mini- 
mum. The  spring-supported  weight  acting  on  the  front 
wheels  of  either  chassis  is  as  previously  pointed  out 

Wf  —  Pf  =  5000  —  750  =  4260  lb. 

Hence  the  load  per  spring  bolt  is 

i^«  =  1062.5  lb. 

4 

Similarly  the  spring-supported  weight  acting  on  the 
rear  wheels  of  the  chassis  with  the  torque  rod  shown  inr 
Fig.  2  is 

Wr  —  P'r  =  16,000  — 1770  =  13,230  lb. 

and  the  load  per  spring  bolt  is 

l^=  3307.5  lb. 

4 

The  spring-supported  weight  acting  on  the  rear  wheels 
of  the  chassis  without  torque  rod,  Fig.  8,  is 
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Wr  —  PV  =  15,000  —  4290  =  10,710  lb. 
The  load  on  two  of  the  rear  spring  holts  is  consequently 

JM^=2677.6  lb. 

while  the  other  two  each  carry  a  load  of 
2677.5  +  2520  =  6197.5  lb. 

Influence  of  Brakes 

Before  we  can  draw  any  definite  conclusions  with  re- 
gard to  the  maximum  load  on  the  springs  we  have  to  con- 
sider what  happens  when  the  brakes  are  applied.  If  the 
brakes  are  in  good  "condition  and  applied  with  some 
force,  it  should  be  possible  to  lock  the  wheels.  This 
elicits  a  braking  power  moment  of  about 

15,000  X  0.6  X  20  =  180,000  in-lb. 

This  braking  power  acts  in  a  direction  opposite  to  the 
driving  power  and  consequently  the  directions  of  the 
forces  constituting  the  reaction  are  reversed,  or,  in  case 
of  the  Hotchkiss  drive.  Fig.  8,  the  rear  halves  instead 
of  the  front  halves  of  the  rear  springs  impart  the  re- 
action to  the  chassis.  We  observe  that  the  braking 
power  is  48  per  cent  larger  than  the  driving  power.  In 
determining  this  figure  no  account  has  been  t^en  of  the 
amount  of  load  of  which  the  rear  wheels  are  relieved  if 
the  brakes  are  applied,  because  the  braking  power  may 
be  even  larger,  as  stated,  if  chains  are  used. 

Now  in  the  chassis  shown  in  Fig.  2  we  have  when  the 
brakes  are  applied  an  addition  to  the  spring-supported 
load  of 

P'  =  P'  =  li^=3600  1b. 

This  is  distributed  over  the  front  and  rear  axles  in  in- 
verse proportion  to  the  distances ;  hence 

P'/  =  P'X^  =1070  lb.  and 

P'r  =  P'Xj||  =2530  lb. 

The  loads  on  the  front  and  rear  wheels  are 

Wf  =  Wf  +  Ff  =  5000  +  1070  =  6070  lb.  and 

W"r  =  TFr  —  P"  +  Fr  =  15,000  —  3600  +  2530  =  13,980  lb. 

The  maximum  spring-supported  weight  acting  on  the 
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front  wheels  is  6070  lb.  Hence  the  load  per  front  spring 
bolt  is 

^«  =  1617.5  lb. 

The  maximum  spring-supported  weight  acting  on  the 
rear  wheels  is 

Wr-^-rr^  16,000  +  2530  =  17,630  lb. 

The  maximum  load  per  rearTspring  bolt  therefore  is 

iMLO=  4382.6  lb. 

as  against  a  nominal  load,  for  which  the  springs  are 
generally  designed,  of 

16^  =  3760  lb. 

4 

From  this  it  follows  that,  if  a  torque  member  is  provided, 
the  springs  are  subjected  to  an  overload  of  less  than  17 
per  cent  under  the  worst  condition. 

In  the  chassis  without  the  torque  rod.  Fig.  8,  we  have 
when  the  brakes  are  applied 

The  load  P"  is  acting  on  the  two  rear  bolts  of  the  rear 
springs.  It  is  balanced  by  the  two  loads  P"/  and  P'r.  It 
is 

P'r  =  P'X  ^^^3^^  =  8270  lb. 

In  this  case  it  must  be  noted  that  P'f  is  negative,  acting 
in  the  opposite  direction  to  P".  This  is  evident  from 
the  point  of  application  of  P'.  Since  P'  =  P'f  +  P'/  it 
follows : 

Ft  =  7200  —  8270  =  — 1070  lb. 

The  loads  on  front  and  rear  wheels  are  now 

Wf  =  Wf^P*t  =  5000  +  1070  =  6070  lb. 

W'r  =  TFr  —  P'r  +  P"  =  16,000  —  8270  +  7200  =  13,930  lb. 

From  this  it  follows  that  the  maximum  spring-supported 
weight  on  the  front  wheels  is  6070  lb. ;  hence  the  load  per 
spring  bolt  is 

6070         ^cirrc    IV 

— ; —  =  1617.6  lb. 

4 
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Furthermore,  the  front  bolts  of  the  rear  springs  carry  a 
load  of 

16.000-8270^^^3^^,^ 

The  rear  bolts  of  the  rear  springs,  are  loaded  with 
1682.6  +  ^=5282.6  lb. 

The  different  results  so  far  obtained  are  given  in  the 
table  on  page  633. 

From  the  table  we  observe  that  the  rear  springs  for 
all  forward  speeds  have  to  carry  less  load  than  when  the 
vehicle  is  standing  still.  The  difference  is  12  per  cent 
for  low-gear  driving.  In  the  vehicle  without  a  torque 
member  the  rear  springs  under  all  running  conditions 
have  to  carry  more  than  the  nominal  load  when  vehicle 
is  standing  still.  The  increase  in  load  is  about  40  per 
cent  for  low-gear  driving  as  well  as  when  the  brakes 
are  applied.  From  this  it  follows  that  much  stiffer 
springs  must  be  fitted  to  a  vehicle  if  the  torque  rod  is 
to  be  eliminated.  Of  two  vehicles  designed  according 
to  a  certain  standard  of  engineering,  the  one  with  the 
torque  rod  necessarily  must  be  by  far  the  better  for 
riding. 

Fig.  8  illustrates  how  unequally  the  springs  deflect. 
This  accounts  for  the  well-known  phenomenon  that  in 
most  of  the  Hotchkiss-drive  arrangements  as  we  know 
them  today  the  brakes  hold  all  right  if  applied  gently, 
but  not  if  applied  vigorously.  The  trouble  with  loose 
spring  clips,  closely  associated  with  the  Hotchkiss-drive 
arrangement,  is  also  so  well  known  that  it  needs  no 
further  mention.  Furthermore,  it  is  well  known  that 
the  speed  of  the  vehicle  is  dependent  upon  the  suspension. 
A  vehicle  equipped  with  a  torque  rod  may,  therefore, 
safely  be  operated  at  somewhat  higher  speed  than  one 
without  this  member. 

Thus  far  we  have  assumed  that  the  reaction  of  the 
tractive  force  is  a  constant  drawbar  pull  acting  in  the 
center  of  the  rear  axle.  In  practice  the  tractive  force  is 
generally  utilized  to  accelerate  the  gross  weight  of  the 
vehicle,  and  to  overcome  road  resistance  or  resistance 
due  to  gradients.  During  acceleration  the  reaction  of  the 
tractive  force  has  its  point  of  application  in  the  center 
of  gravity  of  the  vehicle.  When  gradients  are  negoti- 
ated at  a  constant  rate  of  speed  or  under  other  constant 
running  conditions,  the  reaction  has  its  point  of  applica- 
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tion  in  the  front  end  of  the  radius  rods,  if  such  are  pro- 
vided, or  in  the  front  spring-bolts  in  the  Hotchkiss-drive 
arrangement. 

Now  every  engineer  knows  that  the  center  of  gravity 
of  a  motor  vehicle,  as  well  as  the  other  points  of  reac- 
tion already  mentioned,  are  generally  farther  from 
the  ground  than  the  center  of  the  rear  axle.  Conse- 
quently we  have  in  these  cases  to  deal  with  a  driving- 
force  reaction  moment  of  much  greater  magnitude  than 
those  thus  far  considered. 

Such  fundamental  principles  are  being  neglected.  This 
we  see  from  Figs.  4  and  5,  which  are  reproduced  from 
articles  in  one  of  the  leading  trade  papers.  In  Fig.  4 
we  note  that  the  writer  states,  'Torque  reaction  re- 
sisted by  spring  at  each  end."  This  we  have  proved  to  be 
an  erroneous  conception.  Furthermore,  we  learn  from 
the  magnitude  of  the  forces  that  the  writer  imagines  the 
reaction  of  the  tractive  force  to  be  acting  in  the  center  of 
the  axle,  whereas  in  reality  it  is  acting  through  the  top 
leaf  of  the  spring.  The  writer  shows  it  there  but  neg- 
lects it,  thus  making  it  appear  to  be  good  designing  to 
place  the  spring  far  above  the  axle. 

It  is  quite  natural  that  almost  nobody,  least  of  all  an 
advocate  of  the  underslung-spring  design,  can  reconcile 
himself  to  such  a  conclusion.  This,  however,  is  no  reason 
why  another  hjrpothesis  should  be  invented,  since  in  an 
exact  science  like  mathematics  or  mechanics  there  is  no 
need  for  hypotheses.  Nevertheless,  we  find  in  another 
article  by  a  well-known  company  the  opinion  that  a  load 
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acting  vertically  in  the  center  of  a  perfectly  symmetrical 
spring  can  impose  unequal  loads  on  the  spring-bolts.  Fig. 
5  is  a  reproduction  from  this  article  and  shows  the  fal- 
lacy. 

Crankshaft  Bearing  Sizes  and  Loads 

I  have  found  a  good  deal  of  misconception  among  de- 
signers in  regard  to  crankshaft-bearing  proportions. 
This  impelled  me  to  derive  a  scientific  basis  of  design 
from  the  axiom  that  the  capacity  of  a  bearing  is  pri- 
marily a  function  of  the  load  it  has  to  carry ,  rubbing 
velocity  and  temperature  being  the  same  in  all  cases. 
This  axiom,  however/  requires  a  separate  analysis  for 
each  category  of  engines.  I  shall  therefore  limit  the 
present  investigation  to  the  most  popular  of  all  engines 
today,  the  four-cylinder,  four-stroke  cycle  internal-com- 
bustion engine.  A  further  although  less  important 
limitation  is  that  the  engine  is  understood  to  be  designed 
to  propel  a  motor  truck. 
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First  of  ally  it  is  necessary  that  we  ascertain  the  bear- 
ing loads  pertaining  to  the  four  limiting  modes  of  pro- 
pulsion : 

(1)  Engine  running  light  at  low  speed 

(2)  Engrine  running  at  low  speed  under  full  power 

>  (3)  Engine  running  light  at  maximum  speed,  1000  r.p.m. 

(4)  Engine  running  at  maximum  speed  under  full  power 

Case  I  We  find,  with  regard  to  Case  I,  that  the  loads 
acting  on  the  crankshaft  will  necessarily  be  very  small, 
in  fact  negligible.  We  may  therefore  from  the  beginning 
dismiss  this  case  as  uninfiuential. 

Case  II  Because  of  the  low  speed,  we  may  in  this  case 
neglect  the  centrifugal  and  inertia  forces.  There  are 
then  left  for  further  consideration  the  pressures  due  to 
the  gaseous  mixture,  during  the  expansion  and  compres- 
sion strokes.  The  mean  pressure  acting  during  the  ex- 
pansion stroke  we  shall  denote  by  P,  and  the  mean 
pressure  acting  during  the  compression  stroke  by  p.  The 
average  pressure,  p^  on  any  one  crankpin  for  four  con- 
secutive strokes,  i.e.,  expansion,  exhaust,  suction  and 
compression,  is  then 

p  +  Q  +  Q-l-p      P  +  p 
^= 4 =""4- 

From  the  diagram  in   Fig.  10,  which   is  designed  for 
one  particular  engine,  to  be  specified  later,  we  obtain 
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P  =  2380  and  p  =  272.5.    Hence  for  this  specific  case 
we  obtain  an  average  crankpin  pressure-  of 

^^2380  +  272.6  ^^^^^ 
4 

The  crankpin  load  is  imparted  to  the  main  bearings  in 
definite  proportions.  Referring  to  Fig.  6,  we  note  that 
these  partial  loads  on  main  bearing  I  may  be  expressed 
as  follows: 

Expansion  in  cylinder  I  =  P  X  —  lb. 

0 

Exhaust  in  cylinder  I  =  0  lb. 

Suction  in  cylinder  I  =  0  lb. 

a 
Compression  in  cylinder  I  =  p  X  ■ —  lb. 

c 

Expansion  in  cylinder  II  =  PX — lb. 

0 

Exhaust  in  cylinder  11  =  0  lb. 
Suction  in  cylinder  II  =  0  lb. 

Compression  in  cylinder  II  =  p  X  —  lb. 

c 

From  this  we  derive  that  the  average  pressure  on  the 
main  bearing  I  during  one  complete  cycle  is  expressed  by 

c            c             c           c       f  -j-  p 
P'  = 4 =-4- 

Identically  the  same  loads  as  enumerated  above  are  im- 
parted on  main  bearing  III  in  consequence  of  the  forces 
acting  in  cylinders  III  and  IV.  All  forces  here  under 
consideration  are  acting  in  the  same  direction.  It  is 
therefore  evident  that  the  average  load  on  the  center 
bearing  must  be  the  difference  between  the  sum  of  all 
the  average  loads  acting  on  the  four  crankpins  less 
those  resisted  by  the  two  end  bearings ;  hence,  the  average 
pressure  on  the  center  bearing  during  four  strokes  is 

For  our  particular  example  we  obtain  for  the  end  bear- 
ings I  and  III  an  average  pressure  of 

2380  -f  272 
p'  =        ^         =663  lb. 
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and  for  the  colter  bearing  we  obtain 
2380  4-  272 


p-  =  . 


2 


=  1826  lb. 


CMe  III  We  may  neglect  the  pressures  due  to  the 
gaseous  mixture  in  this  case.  The  only  forces  to  be  con- 
sidered are  those  due  to  the  inertia  of  the  reciprocating 
parts  and  the  centrifugal  forces.  Now  as  the  inertia 
forces  are  affected  by  the  angularity  of  the  connecting- 
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rod,  and  as  the  centrifugal  force  is  continually  changing 
its  direction,  no  simple  universal  formula  can  be  evolved 
from  vehich  to  determine  the  magnitude  and  direction  of 
the  various  mean  pressures,  as  in  the  former  case.  I 
shall  therefore  confine  myself  to  one  particular  example. 

In  a  four-cylinder  engine  of  4V^-in.  bore  and  6%-in. 
stroke  the  total  reciprocating  veeight  consisting  of  piston 
with  pin,  rings,  set-screw  and  the  small  end  of  the  con- 
necting-rod, is  7y2  lb.  The  total  rotating  weight  acting 
on  one  crankpin  is  5^/^  lb.  The  inertia  and  centrifugal 
forces  are  all  calculated  for  1000  r.p.m.  of  the  engine. 

The  graphical  representation  of  magnitude  and  direc- 
tion of  the  inertia  forces  acting  on  the  crankpin  during 
one  revolution  resembles  a  lemniscate,  as  shown  in  Fig. 
7.  This  diagram  of  forces  includes  certain  horizontal 
component  forces  which  have  their  origin  in  the  angu- 
larity of  the  connecting-rod.  The  concentric  circle  shown 
in  the  same  figure  represents  the  centrifugal  forces,  530 
lb.,  acting  on  the  crankpin.  If  now  the  inertia  forces 
are  combined  with  the  centrifugal  forces,  as  indicated 
by  the  dotted  lines  for  one  crank  position,  we  obtain  a 
diagram  of  elliptical  shape  which  represents  the  magni- 
tude and  direction  of  the  resulting  loads  on  the  crank- 
pin. 

From  the  last  named  diagram  we  find  that  the  maxi- 
mum load  on  the  crankpin  is  1415  lb.,  the  minimum  load 
530  lb.  and  the  average  load  940  lb.  These  crankpin 
loads  are  imparted  to  the  main  bearings  in  definite  pro- 
portion, as  emphasized  in  Case  II.  The  partial  loads  as- 
certained according  to  the  proportions  derived  from 
Fig.  6  are  graphically  represented  on  a  larger  scale  in 

Fig.  8,  where  they  are  designated  as  —  and  por- 

0  c 

tions  of  the  total  crankpin  load. 
To  determine  the  load  on  the  end  bearings,  we  have  to 

combine  components  1,  2,  3  and  so  on  to  24  of  the  — 
diagram  with  simultaneously  acting  component  forces  of 

C      '  CI 

diagram,  i.e.  with  13,  14,  15  and  so  on  to  12.    This 

c 

yields  the  diagram  of  resulting  forces  which  is  marked 
"Resulting  loads  imparted  on  end  bearings  I  and  III." 

Identically  the  same  principle  of  combination  must  be 
followed  in  determining  the  loads  on  the  center  bearing. 
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Since,  however,  the  center  bearing  is  affected  by  all  loads 
on  either  of  the  four  crankpins,  it  is  evident  that  the 
resulting  loads  are  all  twice  as  large  as  those  acting  on 
the  end  bearings. 

In  the  present  case  we  have  to  consider  further  the  cen- 
trifugal forces  due  to  the  crankpins  and  the  adjacent 
crank-cheeks.  The  crankpin  and  those  portions  of  the 
adjacent  crank-cheeks  which  are  not  balanced  in  their 
own  plane  weigh  for  the  engine  under  consideration 
about  6  lb.  The  centrifugal  force  due  to  this  mass  is 
575  lb.  at  1000  r.p.m.  If  we  denote  this  centrifugal  force 
by  C  we  find  with  reference  to  Fig.  6  that  main  bearings 
I  and  III  each  receive  the  partial  loads 

..=cf-c(i^)=<<S^) 

Substituting  the  dimensions  given  in  Fig.  6,  we  obtain 
L.  =  676  X  ^^^^^=^^  =  226  lb. 

Again,  the  load  on  the  center  bearing  is  twice  as  large 
as  the  load  on  either  end  bearing;  hence  450  lb.  We  can 
now  determine  the  total  load  on  the  end  bearing,  which 
by  virtue  of  the  existing  symmetry  at  the  same  time 
represents  one-half  of  the  total  load  acting  on  the  center 
bearing. 

In  Fig.  9  we  recognize  the  triangular  thin-line  diagram 
as  the  one  representing  the  loads  imparted  by  connect- 
ing-rods I  and  II,  respective  III  and  IV  on  the  end  bear- 
ings, while  the  concentric  circle  represents  the  above 
determined  centrifugal  force  of  225  lb.  If  corresponding 
forces  of  these  two  diagrams  are  combined  in  proper 
phase  as  indicated  by  dotted  lines  we  obtain  the  final 
resulting  forces  acting  on  the  end  bearings.  The  result- 
ing diagram  in  heavy  lines  shows  a  maximum  load  of 
875  lb.,  a  minimum  load  of  385  lb.,  and  by  summation  we 
obtain  the  average  load  of  600  lb.  While  these  loads  have 
direct  reference  to  the  two  end  bearings  we  can  find 
from  them  the  loads  on  the  center  bearing  by  simply  mul- 
tiplying the  former  by  two.  This  gives  a  maximum, load 
of  1750  lb.,  a  minimum  load  of  730  lb.,  and  an  average 
load  of  1200  lb. 

Case  IV  In  this  case  we  have  to  deal  with  the  forces 
due  to  the  gaseous  mixture  as  well  as  with  centrifugal 
and  inertia  forces.  While  I  do  not  underestimate  the 
difilculty  of  determining  exactly  the  forces  acting  during 
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the  expansion  and  compression  strokes,  it  is  also  certain 
that  a  fair  estimate  of  these  forces  can  be  derived  from 
the  diagram  shovm  in  Fig.  10..  This  has  been  designed  to 
conform  as  nearly  as  possible  with  indicator  diagrams  as 
known  from  actual  practice.  It  represents  a  total  of  1040 
ft.-lb.  of  work,  which  in  case  of  a  four-cylinder  engine 
when  running  at  1000  r.p.m.  would  mean 

If  we  allow  about  14  per  cent  for  engine  f riction,  we  ob- 
tain an  effective  output  of  64  hp.  This  in  turn  corre- 
sponds to  a  mean  effective  pressure  of  100  lb.  per  sq.  in. 
of  piston  area.  This  may  be  somewhat  higher  than  that 
generally  obtained  with  truck  and  tractor  engines;  it 
is,  however,  less  than  the  rather  desirable  standard  set 
by  aircraft  engines  which  we  endeavor  to  approach. 
One  hundred  pounds  may  therefore  be  chosen,  not  only 
because  it  is  an  even  figure  but  because  it  is  what  we 
hope  to  obtain  from  engines  in  the  future. 

With  this  mean  effective  pressure  as  a  basis  it  may  be 
mentioned  that  the  horsepower  output  at  1000  r.p.m.  can 
be  determined  for  any  similar  engine  by  the  simple 
formula 

^rr*     6* «  n 

HP  =  -^YJ) —  »  where 

(  =  bore  in  inches 
8  =  stroke  in  inches 
n  =  number  of  cylinders 

The  various  pressures  due  to  the  gaseous  mixture  as 
taken  from  Fig.  11,  together  with  the  inertia  forces,  as 
well  as  certain  horizontal  components  due  to  the  angu< 
larity  of  the  coiinecting-rod,  are  represented  graphically 
by  the  irregular  thin-line  diagram.  Fig.  10.  It  is  of 
course  evident  that  for  the  expansion  stroke  we  find 
forces  of  considerable  magnitude,  while  for  the  next  three 
strokes  the  inertia  forces  are  prevailing.  This  accounts 
for  the  reappearance  of  the  same  force  diagram  that  we 
used  in  Fig.  7.  The  concentric  circle  shown  in  Fig.  10 
represents  the  centrifugal  force  acting  on  the  crankpin. 
If  we  now  combine  corresponding  forces  as  before,  we 
obtain  the  total  load  on  the  crankpin  as  represented  by 
the  heavy-line  diagram. 
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From  the  latter  we  obtain  the  following  characteristic 
loads: 

Maximum  =  4076  lb. 
Minimum  =  630  lb. 
Average     =  1230  lb. 

These  loads  are  imparted  to  the  main  bearings  in  pro- 
portion   ^^^.    These  partial  loads  are  represented 

c        c 


u;T;'Xii-£: 


FlQ.  10 

in  Fig.  12.  Now  to  obtain  from  these  the  load  on  the 
end  bearings  we  have  to  combine  forces  1,  2,  8  and  so  on 

to  24  of  the  —  graph  with  forces  13,  14,  15  and  so  on 

0 
C  ^~—  CL 

to  1  of  the graph.    This  yields  the  irregular  thin- 

c 

line  diagram  shown  in  Fig.  13.  If  the  resultant  forces 
so  obtained  are  now  combined  with  the  centrifugal  forces 
shown  in  the  same  figure,  we  obtain  the  heavy-line  dia- 
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gram  which  represents  the  resulting  forces  acting  on 
the  end  bearings. 

The  characteristic  loads  obtained  from  this  diagram 
are 

Maximum  =  2945  lb. 

Minimum   =    380  lb. 

Average     =  1000  lb. 

To  obtain  the  loads  on  the  center  bearing  due  to  crank- 
pins  1  and  2,  we  have  first  to  combine  forces  1,  2,  3  and 


^^&Ti£^f^ 


Fia.  12 

80  on  to  48  of  the diagram  with  13,  14,  15  and  so 

it 
on  to  1  of  the  —  diagram.    This  yields  the  diagram 

shown  in  Fig.  14.  This  diagram  also  represents  the 
forces  on  the  center  bearing  due  to  crankpins  3  and  4. 
We  must  however  bear  in  mind  that  the  latter  are  in 
phase  360  deg.  behind  the  former.  If  we  therefore  com- 
bine forces  1  to  24  of  the  diagram  in  Fig.  14  with  forces 
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25  to  48  of  the  same  diagram,  we  obtain  the  irregular 
thin-line  diagram  shown  in  Fig.  15. 

If  these  forces  are  in  turn  combined  with  the  centrif- 
ugal forces  also  shown  in  Fig.  15,  a  final  diagram  is  ob- 
tained which  represents  the  total  load  on  the  center 
bearing. 

We  obtain  from  this  diagram  the  following  character- 
istic bearing  loads : 

Maximum  =  2690  lb. 
Minimum  =  580  lb. 
Average     =  1500  lb. 

It  may  now  be  mentioned  that  the  same  force  diagram 
is  obtained  for  either  firing  order  1-3-4-2  or  1-2-4-8. 

TABLE  I— 4X>ADS  ON  VARIOUS  ENGINE  BEARINGS 


Running 

Load  in  Lb. 

condition 

Character  Crank- 

End 

Center 

of  engine 

of  load 

pin 

bearings 

bearings 

Low  speed  . 

. .  Maximum 

5,200 

3,600 

8,600 

Full  power  . 

. .  Average 
Relative 
bearing 

663 

663 

1,326 

length 

1 

1 

2 

High  speed 

. .  Maximum 

1,415 

875 

1,750 

Zero  power 

. .  Average 
Relative 
bearing 

940 

600 

1,200 

length 

1 

0.64 

1.28 

High  speed. 

. .  Maximum 

4,075 

2,945 

2,690 

Full  power  . 

. .  Average 
Relative 
bearing 

1,230 

1,000 

1,700 

length 

1 

0.812 

1.880 

The  various  bearing  loads  thus  far  obtained  are  com- 
piled in  Table  I.  In  this  table  certain  relative  figures 
are  also  given  representing  the  different  bearing  lengths. 
The  crankpin  length  has  been  taken  as  unity.  These 
relative  figures  presuppose  that  the  crankpins  and  the 
main  bearings  are  of  equal  diameters,  which  is  con- 
sidered good  practice  for  three-bearing  shafts. 

From  the  first  group  of.  forces  pertaining  to  low  en- 
gine speed  and  full  horsepower  output  we  note  that  the 
effective  lengths  of  the  crankpin,  the  end  bearings  and 
the  center  bearing  should  be  in  proportion  1  to  1  to  2  re- 
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spectively.  From  the  second  group  of  forces  we  note 
that  for  high  engine  speed  and  zero  power  output  the 
effective  bearing  lengths  should  be  made  in  proportion 
1  to  0.64  to  1.28.  Finally,  for  high-speed  and  maximum 
power  output  requirements  the  bearing  lengths  should 
be  made  in  proportion  1  to  0.812  to  1.380. 

To  pay  adequate  attention  to  the  various  factors  given 
in  Table  I  means  to  compromise.  For  instance,  the  en- 
gine under  consideration  will  run  at  high  speed,  nearly 
1000  r.p.m.,  about  80  per  cent  of  its  life,  whereby  it  de- 
velops power  varying  from  zero  to. maximum  output 
The  limiting  conditions  are  Cases  III  and  IV.  The  bear- 
ing lengths  required  to  conform. with  this  running  condi- 
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tion  are  the  mean  of  the  lengths  determined  for  the 
limiting  cases ;  hence, 

0.64  +  0.812 

Itelative  end  bearing  length  = =  0.726 

2 

1.28  + 1.38 
£;elative  center  bearing  length  = =  1.38 

We  are  at  present  concerned  with  the  problem  of 
minimizing  the  unavoidable  wear  and  preventing  uneven 


Digitized  by 


Google 


650  THE  SOCIETY  OF  AUTOMOTIVE  ENGINEERS 

wear  which  cause  unnecessary  stresses  in  the  struc- 
tural parts.  This  requires  that  adequate  attention  be 
given  also  to  the  remaining  20  per  cent  of  the  engine's 
life  during  which  it  is  running  at  low  speed  and  de- 
veloping full  power  for  acceleration  and  hill-climbing, 
as  investigated  in  Case  II.  This  consideration  elicits  the 
following  final  proportions: 

Relative  crankpin  length  =  1 
Relative  end  bearing  length  = 

80%  of  0.726  +  20%  of  1  =  0.78 

Relative  center  bearing  length  = 

80%  of  1.33  +  20%  of  2  =  1.46 

Let  us  choose  for  our  example  an  effective  crankpin 
length  of  2^  in.    We  then  obtain  end  bearing  length  of 

0.78  X  2H  =  1 16/16  in. 
and  a  center  bearing  length  of 

1.46  X  2H  =  8%  in. 

The  front  end  bearing  should  be  lengthened  about  6/16 
in.  to  allow  for  the  load,  due  to  the  timing-gears,  whereas 
at  least  1-in.  effective  length  should  be  added  to  the  rear 
end  bearing  to  compensate  for  the  effect  of  the  clutch 
and  the  Ajrwheel.  Allowing  further  Vs  in.  for  each  fillet, 
we  obtain  the  following  compilation: 

TABLE  n 


Nominal  Allowance 

Bearing  length,  in.  for  fillets,  in. 

Crankpin 2%  2  X  %  =  % 

Front  end 1  15/16  % 

Rear  end 1  15/16  % 

Center   8%  2X%  =  % 


Some  consideration  may  now  be  given  to  the  diameters 
of  the  crankpins  and  the  journal  bearings.    In  Fig.  11 

I  have  shown  that  the  maximum  tangential  effort  is 
3070  lb.  This  force  when  exerted  on  crankpins  I  or  III 
can  be  resisted  only  through  forces  set  up  in  crankpins 

II  and  IV  respectively.  The  lever  arm  on  which  the 
force  of  3070  lb.  acts  is  the  distance  between  the  centers 


other 

aUow- 

Actual 

ances, 

length. 

in. 

in. 

2% 

6/16 

2% 

I  1A6 

s% 

3% 
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of  the  crankpins.  Consequently  crankpins  II  and  IV 
are  subject  to  a  twisting  moment  of 

8070  X  6\  =  20,700  in-lb. 

The  elastic  limit  of  the  crankshaft  material  may  be 
taken  as  80,000  lb.  per  sq.  in.  The  factor  of  safety  de- 
sired is  10.  When  denoting  by  d  the  diameter  of  the 
crankpin  we  have  the  follovnng  equation: 

tr  80.000 

20.700  =  -X<fX^^ 

Hence  cf  =  18.18  or  =  d  =  2.86  say  2% 

Comparison  of  Results 

Let  us  now  compare  our  results  with  others  advanced 
by  a  highly-esteemed  authority.  This  authority  states 
that  "The  average  lengths  for  the  three  main  bearings, 
taking  the  length  of  the  connecting-rod  big-end  bearing 
as  1,  are  1.21  for  the  front,  1.17  for  the  middle  and  1.48 
for  the  rear." 

The  reason  that  these  results  deviate  considerably  from 
the  former  is  that  they  have  been  arrived  at  by  measur- 
ing the  bearings  of  a  number  of  engines.  It  is  a  fact 
that  of  the  engines  measured  only  one  or  a  few  were 
nearest  to  the  ideal  The  influence  of  the  greater  amount 
of  data  not  as  good  qualified  results  very  much  in  the 
fashion  of  the  distiller's  formula:  %  gal.  wine  +  V2  gal. 
water  =  1  gal.  of  whatever  is  ordered. 

Another  rule  of  thumb  reads  that  the  crankpin  di- 
ameter should  be  0.4  X  &  +  %  *»•  With  this  formula 
we  would  obtain  for  our  engine  a  diameter  of  2.05  in. 
By  substituting  this  in  our-  equation  for  d  we  can  de- 
termine the  factor  of  safety  F.    It  is 

tr  80.000 

20,700  =  :^  X  2.05*  X      ,,      or  F  =  6.6 
16  F 

This  is  obviously  too  small  for  a  part  as  important  as 
the  crankshaft. 

The  Discussion 

David  Fergusson  :— The  examples  given  by  Mr.  Burk- 
hardt  are  very  important  in  automotive  engineering. 
There  is  a  tendency  among  some  manufacturers  of  mo- 
tor trucks  to  abandon  radius  rods  and  torque  rods.  In 
following  Mr.  Burkhardt's  reasoning  closely  we  can  see 
wherein  designers  are    likely    to   err   when   trying   to 
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secure  both  propulsive  effort  and  torque  through 
the  springs,  thereby  eliminating  radius  rods  and  torque 
rod.  They  must  put  extra  v^eight  into  the  springs 
to  enable  them  to  perform  these  tv^o  additional  func- 
tions, and  it  is  questionable  policy  to  make  a  flexible 
member  such  as  a  spring  perform  the  duty  of  a  rigid 
member  such  as  the  conventional  torque  rod,  especially 
as  more  weight  must  be  added  to  the  springs  than  is- 
saved  through  the  elimination  of  the  torque  rod. 

There  is  great  looseness  of  method  in  the  design  of 
motor  cars  and  trucks,  and  faulty  construction  is  in  som6 
cases  due  to  the  extreme  haste  vnth  which  these  ve- 
hicles are  put  on  paper  and  immediately  afterward  into 
production.  Many  laws  of  mechanics  are  lost  sight  of 
entirely,  and  we  sometimes  find  a  draftsman  applying 
well-knovm  laws  without  adequate  knowledge  of  them. 
In  one  case  recently,  the  fact  that  a  hollow  round  shaft 
is  stronger  than  a  solid  round  shaft,  for  the  same  weight, 
was  misconstrued  by  a  would-be  engineer,  who  recom- 
mended drilling  a  hole  in  a  shaft  that  had  proved  to  be 
weak  to  strengthen  it,  without  changing  its  outside  di- 
ameter. 

There  are  cars  and  trucks  constructed  with  the  com- 
monly termed  Hotchkiss  drive;  that  is,  they  do  not  make 
use  of  either  radius  rods  or  a  torque  rod.  The  apparent 
success  of  these  may  be  due  to  the  fact  that  all  successful 
vehicles  have  a  certain  factor  of  safety  in  their  parts, 
over  what  is  necessary  to  take  care  of  the  load.  It  is  this 
factor  of  safety  that  redeems  many  faulty  constructions. 
The  designer  figures  on  a  factor  of  safety  of,  say,  5. 
If  his  premises  are  wrong  he  may  have  only  half  of  this, 
and  while  his  truck  may  run  satisfactorily  in  certain 
lines  of  work,  it  will  never  withstand  the  abuse  that  a 
truck  having  the  full  factor  of  safety  would,  and  its  life 
will  be  much  shorter.  Such  a  truck  may  give  some  de- 
gree of  satisfaction  if  never  loaded  to  its  full  capacity, 
or  if  never  used  on  hilly  roads.  On  the  other  hand,  if 
used  under  severe  conditions,  it  might  break  down  and 
cause  a  fatal  accident. 

It  is  very  essential  that  the  full  factor  of  safety  be 
maintained.  Whether  this  should  be  five  or  ten  times 
the  working  load  depends  upon  the  work  the  part  must 
perform,  and  this  varies  in  the  opinion  of  different  en- 
gineers. Again,  the  value  of  the  factor  of  safety  de- 
pends on  whether  it  is  taken  in  connection  with  the 
elastic  limit  or  the  ultimate  breaking  strength  of  the 
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material.  The  best  construction,  from  an  engineering 
point  of  view,  is  that  which  gives  the  highest  factor  of 
safety  with  the  least  amount  of  material,  and  I  believe 
that  a  motor  truck  should  have  both  radius  rods  and  a 
torque  rod,  or  their  equivalent 

In  regard  to  crankshaft  bearings,  as  Mr.  Burkhardt 
has  shown,  examples  taken  from  practice  are  often  mis- 
leading. In  many  cases  the  bearings  are  almost  twice  as 
long  as  they  should  be,  and  the  whole  engine  could  be 
shortened  up  and  thereby  lightened,  and  at  the  same  time 
stiffened.  In  other  cases  the  bearings  are  too  short,  re- 
sulting in  undue  wear  and  necessitating  frequent  repairs. 
It  is  certainly  good  engineering  to  have  those  bearings 
properly  proportioned,  and  so  make  the  best  use  of  the 
materials  employed;  otherwise  we  are  not  using  proper 
methods  of  design. 

Mr.  Burkhardt: — I  must  agree  with  what  Mr.  Fer- 
gusson  has  said  of  the  apparent  success  of  vehicles  em- 
bodying  the  Hotchkiss  drive.  The  London  omnibuses 
have  no  torque  or  radius  rods  and  yet  are  doing  their 
proper  work  day-in  and  day-out;  but  I  must  call  atten- 
tion to  the  fact  that  these  vehicles  are  not  encoun- 
tering as  many  obstructions  as,  say,  a  contractor's 
truck.  The  omnibus  can  have  springs  designed  to  suit 
city  pavements ;  the  truck  must  be  a  good  running  vehicle 
whether  it  is  carrying  a  light  load  of  eggs  or  a  50  per 
cent  overload  on  poor  roads.  In  order  that  springs  shall 
stand  up  under  all  kinds  of  loads  we  must  maintain  a 
definite  factor  of  safety. 

The  deflection  of  the  springs  is  a  direct  function  of  the 
load  on  the  truck.  W|th  the  Hotchkiss  drive  we  must 
provide  for  much  extra  load,  and  we  dare  not  exceed  with 
this  combined  load  the  safe  load  on  the  springs.  A 
spring  resilient  enough  to  carry  a  light  load  of  eggs 
safely  would  be  unsuitable  for  carrying  a  heavy  load  on 
bad  roads,  and  a  spring  stiff  enough  to  carry  a  heavy 
load  over  bad  roads  would  be  unsatisfactory  for  carrying 
the  lighter  load.  The  safe  speed  of  motor  vehicles  is  a 
direct  function  of  their  suspension;  hence  vehicles  with 
radius  and  torque  rods  can  be  operated  at  higher  speed 
than  those  without  these  useful  members. 

Robert  W.  Cundall: — I  wonder  if  there  is  a  force 
that  Mr.  Burkhardt  has  not  taken  into  account  in  his  il- 
lustration^ which  causes  strain  on  bearings?  How  does 
the  bearing  unit  pressure  compare  with  the  breaking 
stress  of  the  shaft?     In  an  engine,  are  large  bearings 
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provided  to  give  strength  or  to  sustain  pressure  rather 
than  stresses? 

Mr.  Burkhardt: — No  important  forces  have  been  ne- 
glected in  the  investigation.  Bearing  loads  are  impor- 
tant. We  can,  however,  as  emphasized  in  the  paper,  de- 
termine the  shaft  diameter  so  that  a  certain  fiber  stress 
shall  not  be  exceeded.  Then  we  can  lengthen  the  bearing 
until  a  certain  specifip  bearing  pressure  is  attained.  An- 
other point  which  needs  mention  is  that  the  life  of  a 
bearing  is  a  function  of  pressure  and  velocity.  For  this 
reason  it  is  best  to  keep  the  diameter  small.  On  the 
other  hand,  large  diameters  stiffen  the  shaft  and  reduce 
vibrations.  I  spoke  of  a  factor  of  safety  of  10.  This 
factor  is  considered  good  practice. 

E.  T.  Larkin: — Regarding  the  crankshaft,  we  may 
enter  into  diverse  calculations  and  still  obtain  a  bearing 
so  short  that  it  will  not  maintain  lubrication  under  the 
heat  conditions  met  in  a  gas  engine.  It  is  necessary  to 
have  a  longer  bearing  than  the  cakulations  show  to 
maintain  proper  oil  films.  I  have  found  cases  where  it 
proved  to  be  better  to  provide  three  large  bearings  than 
five  small  ones  on  a  crankshaft. 

Mr.  Burkhardt: — A  three-bearing  shaft  is  quite 
satisfactory  for  low  speeds.  For  higher  speeds  the  five- 
bearing  shaft  is  more  satisfactory,  because  the  deflec- 
tion of  a  shaft  causes  vibrations.  Both  are  considerably 
reduced  by  shortening  the  distance  between  the  bearings. 

The  front  end  of  a  motor  vehicle  has  a  tendency  to 
leave  the  ground  when  the  vehicle  is  proceeding  forward, 
not  backward.  If  we  attach  a  drawbar  high  enough 
on  the  chassis,  the  front  end  will  rise,  not  the  rear  end. 
If  a  spring  is  fiat  when  loaded  with,  say,  3500  lb.  at 
each  end,  it  will  assume  a  convex  curvature  the  moment 
an  additional  load  is  imposed  on  it.  This  is  bound  to 
take  place. 

W.  M.  Corse: — Tractors  have  a  decided  tendency  to 
rear  on  their  hind  wheels  and  overturn  backward. 

Mr.  Burkhardt: — This  certainly  is  the  case.  A  device 
designed  for  a  popular  tractor  to  prevent  it  from  over- 
turning is  being  put  on  the  market. 

F.  W.  Davis: — It  is  usually  very  poor  practice  to  as- 
sume that  the  average  design  is  ideal.  The  matter  of 
bearing  sizes  is  one  that  has  been  left  to  arbitrary  meth- 
ods. The  practice  is  to  add  the  bearing  lengths,  divide 
by  the  number  of  engines,  take  the  average,  and  assume 
that  the  result  is  corr^t.    The  manufacturer  of  trucks 
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is  constantly  studying  the  details  of  design  being  pro- 
duced at  the  present  time,  but  we  must  bear  in  mind  that 
present  design  still  needs  a  great  deal  of  study  to  pro- 
duce the  most  economical  results.  Trucks  should  operate 
20,000  or  30,000  miles  before  being  taken  down  and 
overhauled,  and  after  being  thoroughly  overhauled  should 
be  good  for  20,000  or  30,000  miles  more.  This  can  be 
accomplished  only  by  having  the  design  right  and  the 
parts  properly  made  and  fitted  in  the  first  place. 
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CORRECT  LOCATION  OF  BRAKE  LEVERS 

By  Walter  C  Baker^ 

BRAKE  trouble  is  often  only  faulty  brake-rod 
location.  In  the  Hotchkiss  drive  unless  the 
rear  brake-rod  center  is  located  on  the  trans- 
verse axis,  about  which  all  rear-axle  torque  takes 
place,  and  the  front  brake-rod  center  lies  on 
the  axis  which  most  closely  approximates  the 
center  of  the  curve  along  which  the  torque  axis  moves 
relative  to  the  frame,  faulty  brake  action  will  result. 
The  most  effective  way  to  locate  a  brake-rod  is  by  a 
gage,  two  applications  of  which  are  shown  in  the  fig- 
ures, one  to  correct  front  center  height  and  the  other  to 
correct  the  length  of  rod.  The  gage  consists  of  grad- 
uated rods  which,  together  with  a  dial  indicator,  are  put 
in  the  place  of  the  brake-rod  and  held  by  special  clamps. 
The  axle  and  springs  are  put  through  approxi- 
mately normal  action  independently,  and  any  tendency 
of  the  rod  to  elongate  or  shorten  is  indicated  on  the  dial. 
The  figures  show  how,  for  various  points,  such  changes 
in  length  might  take  place.  Successive  readings  are 
taken,  changing  the  front  or  rear  center  as  the  springs 
or  axle  are  moved  respectively,  until  no  movement  of 
the  indicator  is  shown.  Due  to  features  of  chassis  con- 
struction, it  is  often  not  possible  to  locate  the  centers 
accurately.  Then,  a  close  approximation  usually  re- 
duces the  trouble  to  a  minimum  and  to  a  point  at  which 
trouble  ceases  to  be  noticeable. 

Brakes  hitherto  entirely  satisfactory  have  caused 
trouble  as  manufacturers  have  altered  their  de- 
signs from,  say,  one  using  a  torque  member  to  the 
Hotchkiss  drive,  or  when  the  spring  has  been  moved  from 
a  position  above  the  axle  to  one  below  it.  The  trouble  is 
usually  attributed  to  the  brakes  and  it  seems  necessary  to 
devise  some  means  of  demonstrating  that  the  difBcully  is 
not  with  the  brakes  themselves  but  with  the  manner 
in  which  they  are  hitched  up.  In  the  discussion  which 
follows  I  shall  attempt  to  show  what  generally  causes 
the  trouble  in  braking  action  and  that  this  may  be  reme- 

^Consulting  engineer.  Standard  Parts  Co.,  Cleveland,  Ohio. 
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died  by  simply  changing  the  rods  and  their  locations. 
It  is  believed  that  an  analysis  of  braking  action  will  be 
of  great  interest  to  engineers  connected  with  the  design 
and  production  of  automobiles. 

In  the  design  of  both  passenger  and  commercial  motor 
vehicles,  employing  what  is  known  as  the  Hotchkiss 
drive,  engineers  have  in  many  cases  either  failed  to  con- 
sider rods,  levers  and  braking  action,  or  have  considered 
these  insufficiently  or  incorrectly.  The  result  has  been 
that  in  a  great  many  cases  the  brakes  have  been  either 
inadequate  or  too  severe.  It  is  almost  universally  true 
that  while  at  some  onfe  point  and  in  one  direction  the 
brakes  operate  perfectly,  at  most  other  points  or  in  the 
opposite*  direction  the  braking  action  is  poor. 

Brake-Rod  Gage 

Many  annoying  features  characterize  the  brake  that  is 
incorrectly  connected,  in  addition  to  the  danger  that  al- 
ways exists  while  driving.  In  all  cases  redesigning  the 
brake-rods  and  levers  correctly  will  eliminate  these  dis- 
agreeable features,  and  to  enable  one  to  locate  these  cen- 
ters correctly,  I  have  designed  and  had  constructed  a 
brake-rod  gage. 

It  is  not  commonly  known  that  somewhere  in  or  near 
the  rear  axle,  there  exists  a  transverse  axis  about  which 
all  torque  action  of  this  axle  takes  place.  When  a  torque 
member  is  used,  this  axis  is  usuaUy  forced  to  coincide 
with  the  center  of  the  rear  wheels  and  axle.  When  no 
torque  member  is  used,  as  is  the  case  with  the  Hotchkiss 
drive,  the  torque  axis  lies  outside  the  axis  of  the  rear 
wheels,  and  for  ideal  action  of  the  brakes  the  rear  brake- 
rod  center  should  lie  on  this  transverse  torque  axis,  while 
the  front  brake-rod  center  should  be  placed  at  a  point 
which  most  closely  approximates  the  center  of  the  curve 
through  which  this  torque  axis  moves  relatively  to  the 
frame  when,  due  to  load  and  road  conditions,  the  car  is  in 
various  positions  above  the  axle. 

To  locate  these  points  correctly  by  graphical  means  or 
calculation,  with  the  information  we  have  at  present,  is 
an  impossible  task.  They  are  more  nearly  located  by 
tests  while  the  car  is  in  action,  and  to  insure  correct  re- 
sults a  brake-rod  gage  of  some  sort  should  be  used.  The 
gage  I  have  been  using  consists  of  several  interchange- 
able rods  of  various  lengths,  graduated  to  inches  and  op- 
erating through  a  dial  gage  which  indicates  any  length- 
ening or  shortening  of  the  rods,  when  placed  by  conven- 
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lent  attachments  in  the  position  of  the  brake-rods  them- 
selves. 

How  THE  Gage  Is  Used 

The  cause  and  effect  of  the  elongation  or  shortening  of 
the  rods  are  explained  in  the  discussion  which  follows. 

Let  us  denote  the  torque  axis  by  T.  This  is  the  axis 
about  which  all  torque  action  takes  place  while  it  in  itself 
remains  stationary  with  reference  to  the  rear  axle.  It 
is  clear,  then,  that  if  the  rear  brake-rod  center  were  fixed 
on  this  axis,  then  so  far  as  torque  is  concerned  there  would 
be  practically  no  action  on  the  brakes  themselves  due  to 
the  fact  that  the  point  of  application  of  braking  force 
is  nearly  stationary. 


A  Case  Where  the  Front  Brake- Rod  Center  and  the  Spring 
Axis  Do  Not  Coincide 

Let  US  assume,  however,  that  the  rear  brake-rod  center 
is  not  correctly  placed,  and  that  it  lies  outside  the  torque 
axis  on  some  axis  such  as  R.  Then  there  must  be  some 
movement  of  R  about  T  when  torque  action  takes  place. 

Suppose  we  are  looking  from  the  left  side  with  the  car 
traveling  forward ;  the  rear  brake-rod  center  R  will  move 
in  a  counterclockwise  direction  when  the  brakes  are  ap- 
plied. If  the  rear  brake-rod  center  R  happens  to  be  above 
the  torque  axis  T,  such  motion  will  tend  to  shorten  the  dis- 
tance between  R  and  the  front  brake-rod  center  O.  If  the 
rear  center  R  is  below  the  torque  axis  T,  the  distance 
between  R  and  front  rod  center  0  will  tend  to  be  greater. 
But  since  R  and  O  are  rigidly  connected  by  a  rod,  O  is 
forced  to  move  with  R,  and  consequently  moves  forward 
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or  backward,  depending  on  the  relative  position  of  the 
rear  rod  center  R  v^rith  reference  to  the  torque  axis  T. 
Of  course  whatever  tendency  there  may  be  to  shorten 
or  lengthen  the  pull  rod  when  the  car  travels  forward, 
this  is  reversed  when  the  car  travels  backward  and 
brakes  are  applied. 

With  the  brake-rod  moving  forward  and  backward  in 
this  manner,  one  of  two  things  must  take  place.  Either 
there  is  a  corresponding  movement  of  the  brake  pedal  and 
hand  lever,  multiplied  by  the  leverage  ratio,  or  the  brake 
levers  of  the  rear  axle  are  being  operated  upon  independ- 
ently of  any  voluntary  action  of  the  driver.  Very  often 
in  cases  of  extreme  movement  of  the  rod,  motion  of  the 
car  in  one  direction  automatically  applies  the  brakes,  or 
makes  them  grab  severely,  whereas  motion  in  the  re- 
verse direction  makes  it  almost  impossible  to  apply  the 
brakes,  due  to  the  pedal  in  its  extremes  being  in  contact 
with  the  floor-board,  thus  limiting  the  radius  of  action. 

When  the  rear  brake-rod  center  R  lies  either  in  front 
of  or  behind  the  torque  axis  T,  on  a  line  from  the  front 
rod  center  0  to  T,  the  action  due  to  torque  is  usually  very 
good,  because  what  motion  there  may  be  is  chiefly  up  and 
down  and  does  not  materially  change  the  distance 
between  the  rear  and  front  brake-rod  centers.  This 
motion  would  of  course  increase  as  the  distance  of  the 
rear  center  R  from  the  torque  axis  increased  and  when 
this  became  very  great  the  change  in  the  distance  between 
R  and  the  front  center  0  would  be  considerable. 

It  is  clear,  then,  that  the  only  point  at  which  there 
would  be  practically  no  motion  of  the  rear  center  is  at 
the  torque  axis  T,  and  a  x>oint  on  this  axis  is  the  ideal 
location  of  the  rear  brake-rod  center  R, 

To  locate  the  torque  axis  T,  let  us  employ  the  brake-rod 
gage,  mounted  either  vertically  or  horizontally,  the  latter 
being  the  mounting  shown.  After  the  gage  is  mounted, 
a  torque  effort  is  exerted  on  the  axle  by  some  means.  In 
this  case,  to  show  the  action  clearly,  I  have  attached  a 
rod  to  what  would  correspond  to  the  axle  housing  and 
by  displacing  this  rod,  a  torque  effort  is  exerted  sufficient 
for  our  purpose. 

With  the  front  center  0  of  the  gage-rod  fixed,  any 
movement  on  the  part  of  the  rear  center  will  be  shown  on 
the  dial  indicator,  until  adjustments  are  made  which 
will  place  this  point  so  that  extreme  movements  in  torque 
will  have  the  same  indicator  readings.  Having  done  this 
with  the  gage  horizontal,  it  is  then  placed  in  a  vertical 
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position  with  the  rear  center  still  at  the  point  just  found. 
The  locating  process  is  then  repeated.  In  the  first  case 
the  rear  brake-rod  center  was  confined  to  a  horizontal 
plane  containing  the  torque  axis  T,  and  in  the  second  case, 
while  not  moving  out  of  this  horizontal  plane,  it  is 
further  confined  to  a  vertical  plane  containing  T.  The 
rear  center  is  thus  forced  to  lie  at  the  intersection  of 
these  two  planes,  or  on  the  torqui^  axis  T. 

We  have  then  determined  the  best  position  for  the  rear 
brake-rod  center.  Very  often  it  is  not  possible  to  actu- 
ally reach  this  point,  due  to  the  position  of  other  parts. 
When  this  is  the  case,  the  next  best  thing  is  to  place  it  as 
near  the  actual  torque  center  as  possible  and  in  line  with 
the  torque  center  and  the  correct  position  for  the  front 
brake-rod  center  0,  with  normal  load  on  the  springs.  To 
do  this  the  spring  axis  S  must  first  be  located,  before 
which  we  must  consider  the  action  of  the  springs. 

Effect  of  Load  and  Road  Conditions 

When  the  car  assumes  various  positions  above  the  axle 
due  to  load  and  road  conditions,  it  deflects  or  flattens  the 
springs,  as  the  case  may  be,  and  as  they  deflect  or  flatten 
the  distance  from  the  front  eye  to  the  spring  seat  short- 
ens or  lengthens  respectively.  Since  the  axis  of  the  front 
spring  eye  is  held  rigidly  in  position  as  regards  the  frame, 
the  axle  and  all  points  on  the  axle  member  describe  curves 
relative  to  the  frame  when  successive  positions  are  as- 
sumed on  the  frame  above  the  axle.  The  curve,  that  any 
one  point  describes  is  not  an  arc  of  a  circle  because  of  the 
lengthening  effect  of  the  spring  as  it  flattens.  The  curve 
is  one  which  resembles  an  epicycloid. 

With  the  rear  center  of  the  brake-rod  R  on  the 
torque  axis  T,  it  is  ideal  for  the  front  end  to  be  at  the 
center  of  a  circle  which  most  nearly  approximates  the 
curve  described  by  T.  This  will  maintain  a  very  nearly 
uniform  distance  between  the  torque  axis  T  and  the  front 
center  0,  and  there  will  be  practically  no  effort  exerted  to 
move  the  pedal  or  operate  the  brakes,  independent  of  vol- 
untary action  of  the  driver. 

If,  however,  the  front  brake-rod  center  0  does  not  lie 
on  the  spring  axis  5,  we  have  a  condition  similar  to  that 
shown.  Let  us  assume  that  under  normal  load  the  condi- 
tion is  as  at  T.  With  the  front  center  at  0  instead  of  5, 
the  front  center  0  will  be  forced  to  move  in  a  circle  about 
the  countershaft,  a  distance  equal  to  the  difference,  at  any 
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given  position,  between  the  arc  described  by  the  torque 
axis  and  the  circular  arc  described  by  the  rear  center 
about  the  front  rod  center  0  as  a  center.  If  0  is  above  the 
spdng  axis  or  too  high,  a  heavy  load  virill  have  a  tendency 
to  loosen  the  brakes  making  it  impossible  for  the  opera- 
tor to  apply  the  brakes,  if  the  front  center  is  very  high. 
Or,  often,  when  it  is  possible  to  set  the  brakes  with  the 
load  on,  they  will  be  so  firmly  set  that  it  will  be  impos- 
sible to  release  them  when  the  load  is  removed.  This 
can  easily  be  seen  from  the  drawing.  Under  full  load, 
the  difference  between  the  curves  is  such  as  to  throw 
the  front  rod  center  forward,  while  at  the  check  position 
in  rebound  the  difference  is  such  as  to  pull  it  back.  When 
the  front  center  is  too  low,  as  in  this  case,  the  effects  are 
just  the  opposite.  When  a  load  is  applied  the  brakes  be- 
come set  and  when  it  is  removed  they  are  loosened. 
Often,  in  such  a  construction,  when  the  brakes  are  set  and 
a  load  is  put  on  it  becomes  impossible  to  release  the  brakes 
without  removing  the  load;  or  when  it  is  possible  to  set 
the  brakes  after  the  load  is  on,  the  brakes  are  loose  when 
the  load  is  removed. 

Error  Produced  by  Incorrect  Rod  Length 

Further  than  this,  there  is  an  error  due  simply  to  in- 
correct length  of  rod.  If  the  front  rod  center  0  is  behind 
the  spring  axis  S,  as  shown,  thus  making  the  rod  too  short, 
the  application  of  a  full  load  has  a  tendency  to  tighten 
the  brakes,  because  the  difference  between  the  curves  at 
the  extreme  is  such  that  the  rear  center  is  pulled  for- 
ward. When  the  front  rod  center  is  in  front  of  the 
spring  axis  S,  thus  making  the  rod  too  long,  the  tendency 
is  to  loosen  the  brakes,  because  the  difference  between 
the  curves  in  this  case  is  such  as  to  push  the  rear  center 
back. 

Usually  there  would,  of  course,  be  no  real  action  upon 
the  brakes  as  long  as  the  pedal  movement  was  unre- 
stricted, because  such  errors  would  be  absorbed  by 
the  pedal  movement  until  the  full  sweep  of  the  pedal  had 
been  reached.  Designers  have  many  times  used  a  slotted . 
rod  or  clevis  to  overcome  this,  but  this  movement  is  often . 
so  great  as  to  be  objectionable,  as  well  as  a  feature  of 
reduced  safety  when  quick  and  positive  action  of  the 
brakes  is  required.  However,  the  effect  is  much  less  when 
a  rod  is  simply  too  short  or  too  long,  than  when  0  is  too 
high  or  too  low. 
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Now  to  locate  the  correct  position  of  the  front  brake- 
rod  center  0,  with  the  gage,  we  proceed  as  follows : 

Assuming  that  the  correct  position  of  the  rear  brake- 
rod  center  T  has  been  determined,  we  fix  it  firmly  by  the 
necessary  attachments.  We  then  apply  the  load,  making 
the  frame  assume  various  positions  above  the  axle,  or 
for  an  easier  demonstration,  making  the  axle  assume 


Typical  Cask  op  tub   Brakb-Rod   Bbinq   Either   Too  Short  or 
Too  Long  Dub  to  thb  Incorrbct  Location  op  the  Front  Center 


various  positions  under  the  frame.  The  curve  described 
by  the  torque  axis  T  not  being  an  arc  of  a  circle,  there 
are  only  three  points  which  will  be  common  to  the  arc 
through  T  at  normal  load  about  the  spring  axis  5  as  a 
center.  In  other  words,  there  are  only  three  positions 
of  the  car  above  the  axle  where  the  brake  action  will  be 
perfect,  although  if  the  front  center  0  be  placed  at  the 
spring  axis  S,  the  error  at  all  other  points  will  be  re- 
duced to  a  niinimum,  usually  not  exceeding  a  few  thou- 
sandths of  ah  inch,  and  will  not  be  noticeable  in  action. 
For  best  results  these  points  of  perfect  action  should  be 
chosen,  first  at  normal  load  and  secondly  at  points  about 
three-fourths  of  the  total  movement  of  the  spring  either 
way  from  normal.  In  other  words,  the  two  points  should 
be  located  when  the  load  is  three-fourths  the  difference 
between  normal  and  full-load  extreme  position  and  three- 
fourths  the  difference  between  normal  and  no-load  ex- 
treme position,  respectively. 
As  the  load  is  applied  readings  are  taken  on  the  dial 
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indicator  at  the  three  points  just  mentioned,  and  are  re- 
corded in  hundredths  of  an  inch.  When  the  three  points 
have  been  reached,  the  records  taken  will  indicate  the  rela- 
tive position  of  the  spring  center  S  from  the  front  brake- 
rod  center  0.  For  instance,  suppose  the  front  brake-rod 
center  0  is  too  high,  O  moves  in  an  arc  about  the  counter- 
shaft C.  The  rear  brake-rod  center  R  tends  to  move  in  an 
arc  about  the  front  center  0,  but  it  actually  moves  along 
the  curve  described  by  the  torque  axis  T,  relative  to  the 
frame.  Since  under  full  load  the  difference  between  these 
curves  is  such  as  to  push  the  rod  forward  and  since  in 
the  gage  the  front  brake-rod  center  is  held  stationary 
and  the  rod  merely  allowed  to  telescope,  the  change  that 
takes  place  will  be  indicated  by  the  dial  gage  readings. 
Under  full  l^ad  the  rod  will  shorten  and  under  no  load 
or  at  check  position  it  will  lengthen. 

Suppose  that  at  normal  load  the  reading  on  the  dial  is 
0.52  in.  and  at  full  load  it  has  increased  to  0.71  in.  and 
Anally  at  no  load  or  check  position,  due  to  the  rod  length- 
ening, it  has  decreased  to  0.36  in.  Since  the  check  posi- 
tion reading  0.36  in.  is  less  than  the  full  load  reading 
0.71  in.  it  indicates  that  the  difference  between  the  curves 
at  check  position  was  such  as  to  pull  the  rod  backward 
and  consequently  shows  that  the  front  brake-rod  center 
is  too  high.  Therefore,  when  the  check  position  reading 
is  less  than  the  full-load  reading  the  front  brake-rod  cen- 
ter is  too  high,  and  if  the  full-load  reading  is  less  than  the 
check  position  reading,  the  f  ro;it  brake-rod  center  is  too 
low.  If  the  front  brake-rod  center  0  is  at  the  correct 
height  the  two  readings  will  be  the  same,  although  both 
may  be  wrong  for  correct  rod  length. 

If  the  front  brake-rod  center  0  were  on  a  circular  arc 
described  about  the  torque  center  T,  and  also  passing 
through  the  spring  center  S,  the  rod  would  be  of  the  cor- 
rect length,  regardless  of  the  distance  of  the  front  center 
above  or  below  the  spring  center,  because  its  length  would 
always  be  equal  to  the  distance  bet^l^een  the  torque  center 
and  spring  center,  which  is  always  correct  for  rod  length. 
In  this  case  an  arc  about  the  front  brake-rod  center  0, 
which  passed  through  the  torque  center  T  under  normal 
load,  would  reach  just  as  far  beyond  the  curve  described 
by  T  at  one  extreme  as  it  would  fall  short  of  it  at  the 
other.  In  that  case  the  dial  readings  would  show  that  the 
differences  between  each  of  the  extreme  rod  lengths  and 
the  length  at  normal  load,  were  the  same;  as  for  instance, 
full  load  0.67  in.,  normal  0.50  in.  and  check  position  0.33 
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in.  The  differences  between  each  of  the  extreme  posi- 
tion readings  and  the  normal  reading  are  the  same,  or  the 
sum  of  the  extremes  is  equal  to  twice  the  normal.  The 
latter  method  of  handling  the  readings  is  the  correct  one, 
because  if  the  rod  were  too  short  or  too  long  but  at  the 
correct  height,  the  difference  between  the  extreme  read- 
ings and  normal  reading  might  be  the  same  in  number  of 
spaces  passed  over,  but  one  would  be  a  positive  difference 
and  the  other  a  negative.  This  can  readily  be  detected  by 
simply  adding  the  extremes  and  comparing  the  sum  with 
twice  the  normal.  If  the  sum  of  the  extremes  exceeds 
twice  the  normal  the  rod  is  too  long;  if  it  be  less,  the  rod 
is  too  short.  Thus  with  a  single  set  of  readings  we  may 
determine  our  error  in  two  directions,  which  enables  us 
to  make  adjustments  in  two  directions  accordingly,  after 
which  we  take  a  second  set  of  readings. 

After  the  gage  has  been  used  several  times  it  becomes 
an  easy  matter  to  approximate  the  correct  amount  of  ad- 
justment needed.  Usually  a  sufficiently  correct  location 
of  the  front  brake-rod  center  can  be  accomplished  in  two 
or  three  readings. 

When  the  gage  was  first  constructed,  a  set  of  formulas 
was  worked  out  which  gave  the  correct  amounts  of  ad- 
justment necessary  to  place  the  front  rod  center  at  the 
correct  position.  But  these  formulas  were  rather  com- 
plex and  employed  constants  depending  on  the  nature  of 
the  spring,  and  their  solution  usually  required  consider- 
able time.  After  several  comparative  trials,  it  was  dis- 
covered that  an  adjustment  of  the  apparatus  usually  re- 
quired less  time  and  was  more  apt  to  be  free  from  errors 
than  the  solution  of  the  formulas.  Consequently  the 
formulas  have  been  discarded  in  favor  of  simple  adjust- 
ments of  the  apparatus,  and  to  facilitate  matters  further, 
easy  ndeans  of  adjustment  have  been  provided  on  the 
gage.  It  is  not  a  difficult  matter  to  have  practically  per- 
fectly acting  brakes.  When  these  centers  are  correctly 
located  for  any  of  the  various  styles  or  designs  of  chas- 
sis, there  will  be  no  further  trouble  with  brakes  due  to 
spring  action  on  rough  roads  or  to  varying  loads  and 
Hotchkiss  drive. 

THE    DISCUSSION 

Mr.  Baker  :-r-A  common  error  is  to  make  a  brake- 
rod  connections  with  the  levers  located  with  the  springs 
above  the  axle,  and  then  to  use  the  same  arrangement  of 
levers  by  putting  the    springs    below   the   axle.     This 
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causes  trouble  at  once.  The  levers  must  go  down  with 
the  spring  and  on  most  constructions  it  is  hard  to  place 
the  brakeshaft  in  the  correct  location  on  the  rear 
axle  without  interfering  with  the  springs  or  the  frame. 
If  we  put  the  springs  below  this  center,  the  torque  center 
must  go  down  and  follow  the  springs  below  the  axle,  and 
the  levers  must  go  down  with  it.  This  means  that  the, 
front  center  which  should  be  at  the  spring  axis  will  go 
down  at  the  same  time.  There  is  one  correct  position 
only  on  an  axle  for  that  rear  center  and  this  is  at  the 
torque  axis,  and  one  correct  center  only  for  the  front 
and  this  is  at  the  spring  axis.  Anything  else  is  an  error 
and  these  errors  are  directly  proportional  to  the  distance 
of  removal  from  the  centers.  I  have  had  men  insist  that 
this  could  not  be  true,  and  have  made  a  brake-rod  con- 
nection to  show  that  it  is  true.  You  can  find  no  other 
two  centers  that  will  be  right  for  that  hitch-up.  As  soon 
as  you  move  it  in  any  direction  you  have  an  error  from 
the  torque  or  spring  action. 

With  a  torque  rod  you  can  compromise  the  torque 
movement  with  the  spring  movement  because  usually  the 
torque  rod  makes  a  fixed  torque  action  with  the  spring 
action,  i.e.  if  you  lower  the  frame  on  its  springs  2  in.  the 
front  end  of  the  torque  rod  goas  down  and  rises  and  falls 
with  the  spring. 

I  do  not  know  of  any  part  of  an  automobile  which  has 
had  less  study,  and  never  drive  a  car  without  settling 
in  my  mind  approximately  the  errors,  if  any,  in  the  loca- 
tion of  the  brake  levers.  By  applying  the  brakes  with 
the  car  standing  and  noting  what  effort  is  necessary  to 
move  the  brake  pedal,  say  one-half  of  full  travel,  then 
doing  it  again  when  the  car  is  in  motion,  it  is  possible  to 
determine  if  the  rear  center  is  much  above  or  below  the 
torque  axis.  If  sufficiently  above,  the  torque  action  in- 
creases the  pedal  movement  to  the  full*  travel  without 
adequate  braking.  With  the  car  going  backward  this 
arrangement  would  undoubtedly  cause  the  brakes  to 
grab.  If  the  rear  center  is  below  the  torque  axis  the 
conditions  will  be  reversed.  In  practice  I  believe  it  is 
better  to  place  the  rear  center  slightly  below  the  torque 
axis. 

I  measured  up  the  Class  B  Government  truck,  putting 
sufficient  weight  on  the  chassis  to  give  our  extreme  spring 
movement  and  attaching  a  hoist  so  as  to  get  our  three 
positions ;  doing  the  same  thing  with  a  truck  that  I  have 
done  here. 
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A  Member: — I  am  surprised  to  hear  you  say  that  the 
torque  axis  should  be  a  little  below  rather  than  above. 
I  remember  one  case  where  it  was  placed  too  low,  and 
when  the  brakes  were  applied  the  car  jumped  along. 

Mr.  Baker: — There  are  some  brakes  that  are  almost 
hoists.  In  applying  brakes,  if  you  place  the  rear  center 
a  trifle  below  the  torque  axis  you  assist  the  braking  when 
going  ahead,  but  you  decrease  it  when  going  backward. 

W.  R.  Strickland: — Two  years  and  a  half  ago,  with 
Mr.  Baker's  assistance,  we  found  that  by  locating  the 
centers  in  accordance  with  his  formula  we  could  go  for- 
ward or  backward  without  any  brake  grabbing. 

Mr.  Baker: — I  have  found  it  absolutely  necessary  to 
make  a  brake-rod  gage  to  demonstrate  these  points. 
When  the  Hotchkiss  drive  was  first  used  it  seemed  al- 
most impossible  to  convince  anyone  that  the  same  brakes 
were  just  as  good  as  before.  When  the  springs  were 
placed  below  the  axle  in  these  cars  to  get  close  to  the 
ground  the  trouble  began,  and  in  many  cases  it  was 
found  impossible  to  keep  the  spring  there  and  the  old 
construction  was  resumed.  There  was  trouble  because 
the  centers  also  were  not  placed  below  the  axle.  Find 
the  axis  and  get  the  lever  centers  at  the  points  I  have 
described  and  you  can  get  a  perfectly  working  brake 
under  all  conditions. 

A  Member: — How  does  the  Franklin  succeed  with  a 
flexible  frame? 

Mr.  Baker: — Their  car  has  considerable  travel  in  the 
foot  pedal  and  hand  lever,  and  the  motion  of  these  is 
parallel  with  it.  They  use  a  long  connecting-rod  instead 
of  a  radius  rod,  and  when  they  apply  the  brake  going 
ahead  the  tendency  is  for  the  rear  axle  to  move  back- 
ward.   That  tends  to  tighten  the  brake. 

A  Member: — ^What  action  is  there  with  torque  tube 
construction  such  as  used  in  the  Fiat? 

Mr.  Baker: — If  the  spring  pads  are  free  the  torque 
axis  is  at  the  center  of  the  axle  and  the  best  length  of 
rod  would  be  equal  to  the  length  of  the  radius  rod,  in 
this  case  the  distance  from  the  center  of  the  universal- 
joint  to  the  center  of  the  axle.  With  a  torque  tube,  any 
error  of  rear  center  location  usually  will  not  cause  any 
noticable  disturbance  in  brake  action.  The  greatest  er- 
rors would  come  from  spring  action,  when  the  front 
center  of  the  rod  is  too  high  or  too  low,  not  at  the  spring 
axis.  From  measurements  I  have  made  on  a  number  of 
cars  it  is  comparatively  easy  to  approximate  the  correct 
location  of  rod  centers.    One  will  notice  that  a  number  of 
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Hotchkiss  drives  are  in  use  on  which  little  attention  has 
been  given  to  the  correct  location  of  rear  centers.  When 
the  spring  is  placed  below  the  axle  the  rear  center  should 
be  lowered  the  same  amount  having  the  same  location 
with  reference  to  the  spring  as  when  above  the  axle. 

A  Member: — Do  you  not  think  that  the  bad  hitch-ups 
on  the  chassis  are  due  to  the  axle  manufacturers? 

Mr.  Baker: — In  many  cases,  when  the  Hotchkiss 
drive  first  came  into  use,  I  wished  to  change  the  location 
of  the  rear  center.  The  car  manufacturers  claimed  they 
had  used  axles  by  the  thousands,  had  experienced  no 
trouble  in  braking  with  their  present  location  of  centers, 
and  did  not  wish  to  make  any  change  as  it  would  necessi- 
tate a  considerable  expense.  There  is  no  possibility  of 
making  a  standard  axle  as  to  location  of  rear  rod  center 
with  the  Hotchkiss  drive,  unless  the  main  leaf  of  the 
spring  always  occupies  the  same  relative  position  as  to 
the  axle  center.  I  found  it  necessary  to  make  a  gage 
to  prove  that  most  of  our  trouble  with  the  brakes  was 
due  to  errors  in  location  of  brake-rod  centers.  I  remem- 
ber using  a  car  with  Hotchkiss  drive  in  which  the  agent 
said  they  were  having  much  trouble  with  the  brakes. 
When  the  car  was  standing  little  pedal  movement  was 
possible  in  applying  the  brakes  which  were  adjusted  very 
closely.  By  applying  the  brakes  with  the  car  in  motion 
it  was  possible  to  push  the  pedal  which  had  an  unusually 
long  travel,  to  the  floor,  the  torque  action  releasing  the 
brake  in  proportion  to  the  pedal  movement.  When  I 
tried  going  backward  a  sudden  application  of  the  brakes 
broke  one  of  the  rods.  Instead  of  torque  action  releasing 
the  brake  the  reverse  condition  broke  the  rod.  From 
this  I  assured  him  that  the  rear  center  was  much  too 
high. 

A  Member: — At  the  automobile  shows  there  are  as 
many  cars  with  springs  under  the  axles  that  have  the 
brake  levers  sticking  up  as  there  are  with  brake  levers 
below. 

Mr.  Baker: — It  takes  considerable  redesigning  to 
move  all  the  countershafts  underneath  a  car  and  change 
the  length  of  the  lever.  A  manufacturer  of  automobiles 
prefers  to  say,  "You  fix  your  rear  axle  so  that  it  will 
hitch  up  with  our  arrangement  of  levers."  He  arranges 
it  so  that  although  the  spring  is  below,  it  hitches  up  with 
the  same  original  setting,  and  that  is  where  the  trouble 
lies.  It  cannot  be  done  successfully. 
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CONDITIONS  IN  THE  AUTOMOTIVE 
INDUSTRY  ABROAD 

By  David  Beecroft*  * 


THE  author's  observations  cover  the  period  imme- 
diately following  the  war  when,  as  a  member  of  a 
party  of  representative  guests  of  the  British  and  French 
governments,  he  toured  England,  meeting  Government 
officials  and  talking  on  industrial  niatters;  visited  Scot- 
land's shipbuilding  and  coal  areas;  viewed  the  battle 
area,  aircraft,  automobile  and  tractor  factories  in 
France;  and  traveled  in  Italy,  later  returning  to  Eng- 
land to  inspect  factories,  conduct  investigations  and 
review  Government  activities. 

The  aiormous  expansion  of  the  automotive  industry 
factories  of  the  Allied  nations  is  emphasized  and  their 
organization  and  methods  briefly  described,  with  run- 
ning comment  on  comparative  practice  in  the  United 
States.  Factory  production  methods  in  England  are 
mentioned,  as  well  as  working  conditions  and  welfare 
work  there. 

Considerable  information  relating  to  post-war  auto- 
mobile designs  and  to  motor-truck  and  tractor  prac- 
tice is  given.  A  belief  that  there  should  be  much  inter- 
national standardization  is  expressed.  Universal  traffic 
rules,  standard  width  of  gage  or  track  and  the  fuel 
question  are  touched -upon  and  the  main  features  of 
the  airplane  industry  and  its  future  tendencies  are  de- 
scribed. Solid  tire  mileage  on  London  streets  is  men- 
tioned, the  present  tendency  of  the  motorcycle  industry 
is  indicated  and  the  foreign  demand  for  small,  light, 
cheap  automobiles  is  stated.  Comparative  statements 
regarding  present  European  and  American  practice  are 
frequent. 


The  observations  I  shall  make  cover  the  period  just 
after  the  war.  Our  party  was  not  fortunate  enough 
to  be  over  there  during  the  war.  I  should  perhaps 
explain  the  reason  for  making  this  trip.  Fifteen  of  us 
were  guests  of  the  British  Government.    During  the  war, 
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as  you  know,  the  natural  channels  of  communication  be- 
tween the  two  countries  had  been  broken  off  and  the 
censorship  had  really  created  a  barrier  between  France, 
England,  Italy  and  America,  so  far  as  the  exchange  of 
information  was  concerned.  Previous  to  the  war  we  had 
well-established  channels  of  communication  between  our 
Allies  and  ourselves.  It  was  with  the  intention  of  break- 
ing this  barrier  down  that  our  party  was  one  of  many 
that  w^re  invited  and  taken  over  there,  not  only  to  see 
the  battle  area,  but  everything  else  we  wanted  to  see. 
We  had  the  distinction  of  going  over  the  battle  area  after 
the  fighting  had  ceased.  Parties  from  all  of  the  other 
neutral  and  allied  countries  of  the  world  had  just  pre- 
ceded us;  there  had  been  still  others  from  Africa,  Asia 
and  South  America.  Theirs  was  a  great  organiza- 
tion, one  we  were  not  familiar  with,  this  propaganda 
movement  to  let  the  world  know  what  had  taken  place. 
We  who  went  over  would  not  be  doing  our  part  if  we  did 
not  do  our  very  best  here  at  home  to  let  as  many  people 
as  possible  know  what  we  saw.  If  we  could  all  be  moved 
over  there  and  see,  it  would  be  the  means  of  binding  the 
whole  world  more  closely  together,  a  means  of  inter- 
preting what  has  happened  since  1914.  It  is  only  after 
one  gets  there  and  talks  to  people  that  one  realizes 
how  little  we  have  known  and  what  a  barrier  the  censor 
was  during  the  entire  war  period. 
,  We  reached  London  a  few  days  before  the  armistice 
was  signed,  and  spent  two  weeks  going  over  England, 
meeting  Government  officials  and  talking  of  industrial 
matters.  We  went  through  Scotland's  shipbuilding  and 
coal  areas,  and  then  back  to  London  and  over  to  the  front 
for  10  days,  as  guests  of  France.  We  did  not  get  over 
all  the  front,  but  traveled  as  much  as  250  miles  a  day 
through  the  battle  area  all  the  time.  We  went  to  Italy 
for  a  week.  When  we  came  back  to  France,  we  visited 
the  aircraft,  automobile  and  tractor  factories.  In  Eng- 
land later  we  inspected  the  factories,  carried  on  investi- 
gations and  looked  into  the  matter  of  Government  ac- 
tivities. 

The  Factories  of  the  Allied  Nations 

This  is  not  to  be  an  engineering  talk;  that  is  out  of 
the  question.  It  is  going  to  be  a  mixture  of  what  we 
saw  in  the  factories  and  on  the  battle  fronts;  of  infor- 
mation we  got  by  talking  to  the  heads  of  departments,  and 
to  officers  in  the  Army,  in  the  Ordnance  Department,  in 
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the  Navy  and  of  transports  and  various  other  matters. 
I  shall  begin  with  the  factories.  .  We  have  all  heard  a 
great  deal  about  them.  I  had  been  through  perhaps  fifty 
factories  in  France  and  England  previous  to  the  war  and 
I  was  amazed  at  the  expansion.  Take  the  Renault  fac- 
tory in  France  as  an  illustration.  Previous  to  the  war 
they  employed  5000  workers;  in  December  there  were 
23,000  housed,  and  there  were  three  and  four-story  build- 
ings half  completed.  You  could  tell  by  the  layout  that  they 
.  had  had  no  conception  of  what  the  expansion  was  going 
to  be.  The  plant  was  not  arranged  symmetrically.  They 
would  start  a  three-story  building,  but  long  before  it 
could  be  completed  their  conception  had  been  outgrown. 
Several  miles  away  they  had  just  finished  a  huge  airplane 
factory.  The  whole  place  was  a  marvel  of  activity.  Prob- 
ably 50  to  60  per  cent  of  the  workers  were  women,  busy 
on  tanks,  tractors,  trucks,  guns  and  various  other  things. 
We  saw  them  in  the  tank  factory  assembling  twenty 
tanks  a  day  by  the  moving-chain  method,  and  not 
far  away  there  was  a  large  testing  ground.  There  was 
a  huge  building  given  over  to  the  manufacture  of  guns 
as  large  as  8  in.  in  diameter,  all  the  work  on  them, 
breeches,  sights,  etc.,  being  done  there.  Another  factory 
made  the  carriages  for  these  guns.  The  Fifench  soon 
realized  the  need  of  motor  apparatus  for  drawing  the 
guns.  It  was  useless  to  adhere  to  the  old-style  wheel, 
so  all  large  guns  are  mounted  on  truck  chassis  with  small 
wheels  and  rubber  tires.  They  were  moving  guns  at  a 
speed  of  25  miles  per  hr.  and  we  could  not  but  feel  that 
if  we  ever  have  another  war  the  automobile  truck  will 
be  supplied  for  all  the  ordnance  work. 

We  saw  the  great  airplane  factories  making  engines. 
There  were  the  same  engine  assemblies  that  you  see  here 
in  Cleveland,  crankcases  on  stands,  women  doing  every 
bit  of  the  assembly  work  on  the  engines.  Throughout 
the  factory  there  were  evidences  of  organization,  but  not 
the  same  rate  of  progression  that  we  "see^in  our  factories. 
The  reason  seemed  to  be  that  they  could  not  carry  on 
both  expansion  and  organization  at  the  same  pace.  The 
Government  was  forcing  them.  In  the  truck  department 
the  assembly  methods  were  not  as  modem  as  ours. 

We  went  into  the  Gnome  plant.  Its  number  of  em- 
ployes had  increased  from  500  to  5000.  A  great  foundry 
was  just  being  put  into  operation.  Close  by  was  a  forge 
shop.    Not  far  away  were  great  additions  to  the  plant. 
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We  saw  many  indications  that  they  were  looking  ahead. 
The  Gnome  people  seem  to  be  getting  away  from  the 
rotary  engine  somewhat. 

The  Salmson  engine  has  a  great  reputation  in  France 
for  being  the  most  reliable  in  aviation  work.  Our  forces 
used  the  Salmson  plane  for  artillery  work.  The  Gnome 
organization  was  impressed  with  the  Salmson  engine 
and  we  saw  the  drawings  for  a  twenty-cylinder  four- 
cycle 800-hp.  Gnome  engine.  They  are  going  ahead  on 
that  for  commercial  use. 

Another  French  factory,  Lorraine-Dietrich,  has  been 
spending  most  of  its  time  building  eight  and  twelve- 
cylinder  V-type  airplane  engines.  We  saw  there  a  twenty- 
five  cylinder  engine  not  yet  completed ;  it  was  of  W-type 
and  great  development  is  expected  in  it  for  aircraft  work. 

Take  one  of  the  other  plants,  the  Fiat  Co.  of  Italy.  I 
did  not  know  how  much  the  Fiat  had  grown.  There 
were  50,000  workers  in  the  organization  when  we  saw  it ; 
about  23,0d0  in  one  factory  assembling  cars,  trucks  and 
tractors  of  various  types,  making  airplane  engines  and 
carrying  on  other  work.  Then  there  were  the  steel  foun- 
dries in  which  they  used  electric  power  only.  In  another 
part  of  the  city  was  the  huge  forge  shop  just  completed 
and  most  modemly  laid  out.  Nothing  in  this  country  is 
any  better.  Nearby  was  a  half-completed  large  four- 
story  building  for  truck  assembling  work,  and  along  the 
railroad  tracks  was  a  stretch  of  %  mile  of  material  ar- 
ranged row  upon  row,  and  stacks  of  aluminum  and  copper. 
The  amount  of  material  they  had  on  hand  was  amazing. 
Fiat  told  us  that  they  had  delivered  about  62,000  vehicles, 
trucks  and  motor  cars  to  the  Allies.  Yards  were  filled 
with  trucks.  The  assembly  methods  were  not  worked 
out  as  well  as  ours.  I  shall  speak  in  general  on  that 
later.  Electric  power  is  obtained  cheaply  and  is  used 
for  everything.  While  coal  is  expensive  in  Italy,  that 
does  not  nec^sa'rily  affect  the  whole  manufacturing 
proposition. 

The  Rolls-Royce  factory  previous  to  the  war  had  3000 
employes;  it  now  has  8000.  Rolls-Royce  has  been  work- 
ing since  the  start  of  the  war  on  airplane  engines  and 
will  be  working  on  these  for  several  months  yet. 

I  want  to  remind  you  that  all  the  enlargements  men- 
tioned are  permanent  brick  and  reinforced-concrete  build- 
ings, the  same  as  ours.    Some  are  one-story,  others  three 
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and  four  stories  high.  There  are  rows  upon  rows  of  new 
machinery,  a  great  deal  of  ours  as  well  as  of  their  own. 
In  the  Fiat  and  in  French  and  British  factories  they 
have  built  their  own  machinery. 

We  went  into  another  factory  at  Manchester.  It  has 
been  making  cars  most  of  the  time  since  the  war  started, 
the  reason  being  that  when  the  Royal  Air  Force  was 
organized  light  motor  trucks  were  wanted  and  the  Cross- 
ley  design  was  selected.  At  the  start  of  the  war  it  had 
100  employes  and  underwent  a  great  expansion.  Then 
the  Crossley  plant  was  building  fifty  vehicles  a  month; 
a  month  later  it  was  building  250.  It  had  no  great  system 
in  assembling,  but  was  getting  ready  to  renovate.  It 
had  been  held  back  by  the  Government,  was  short  of 
help,  and  its  engineers  were  generally  taken  off  for  other 
work.  The  six-cylinder,  vertical  Beardmore  airplane  en- 
gine which  has  been  used  a  great  deal  was  being  built, 
as  well  as  the  British  A.  B.  C.  eight-cylinder  air-cooled, 
radial-t3rpe  engine;  production  was  started  in  November 
on  the  "dragon-fly"  engine.  We  were  driven  3  miles  to 
the  new  airplane  factory,  not  long  before  a  potato  patch, 
it  covered  23  acres  of  ground,  a  modem  factory  with 
cement  floors,  sawtooth  roof  construction,  forced  ventila- 
tion and  every  possible  convenience.  Here  were  rooms 
where  DH-10  planes  with  two  engines  were  assembled,  in 
rows  of  twenty  and  thirty.  Outside  was  a  great  testing 
and  flying  field,  and  across  the  road  another  test  field. 

The  British  factories  had  other  surprises  for  us.  The 
Austin  Co.  is  located  10  miles  out  of  Birmingham.  It 
employed  2000  before  the  war  and  22,000  at  the  close. 
During  the  war  airplanes,  airplane  engines,  armored 
cars,  motor  trucks,  cars  and  great  quantities  of  anmiuni- 
tion  were  manufactured.  It  was  this  company  that 
demonstrated  to  England  what  production  in  shells 
meant.  I  think  it  was  making  the  4.5-in.  shell, 
but  at  any  rate  the  price  was  $62  each,  and  after  rig- 
ging up  for  production  it  was  sold  for  $31  each,  just  half. 
Many  other  British  manufacturers  did  not  think  this 
possible.  The  matter  came  up  in  the  House  of  Commons, 
and  Austin  was  obliged  to  demonstrate  that  it  was  pos- 
sible. Austin  has  a  factory  as  complete  as  any  ever 
developed.  He  has  every  facility,  and  being  in  the  coun- 
try, draws  50  per  cent  of  his  employes  from  Birmingham 
and  the  others  from  the  surrounding  towns  and  villages, 
having  great  fleets  of  motor  buses  to  bring  them  in. 
There  are  canteens  where  the  workers  get  lunches,  etc. 
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The  company  operates  grocery  stores  and  has  great  agri- 
cultural areas  where  it  grows  its  own  produce/  It  has 
auditoriums  for  the  benefit  of  the  employes,  with  moving 
pictures  and  lectures,  and  three  or  four  engineering  or- 
ganizations within  the  force,  with  special  schools  for 
the  apprentices,  who  take  2  hr.  off  and  go  to  school 
for  a  period  of  6  months.  There  are  Red  Cross  or- 
ganizations and  regular  dormitories  for  the  women  to 
use  at  night,  for  if  taken  sick  it  would  be  inconvenient  to 
send  them  home.  The  company  has  gone  into  every  pos- 
sible phase  of  welfare  work.  So  it  was  everywhere  we 
went.  There  was  hardly  a  factory  that  had  not  been 
developed  and  increased  in  size  from  five  to  ten  times, 
and  let  me  remind  you  again,  these  factories  are  all 
modern. 

Working  Conditions  in  Factories 

Now  let  us  spend  a  little  time  on  the  subject  of  factory 
production.  Labor  in  England  went  on  a  48  hr.  per  week 
basis.  Previous  to  that  they  worked  from  six  in  the 
morning  to  six  at  night,  with  an  hour  off  for  breakfast, 
an  hour  for  luncheon  and  an  hour  at  four  for  tea.  We 
asked,  ''How  much  has  production  fallen  off  in  the  change 
from  54  to  48  hr.?"  It  seems  that  the  number  of  chassis 
increased  three  per  day  on  the  48-hr.  basis.  They  had 
lowered  the  working  time,  but  studied  the  assembling 
and  improved  the  general  spirit  .among  the  workers. 
England  was  face  to  face  with  that  shorter  week  and 
went  into  the  problems  of  production.  They  were  all 
working  during  the  war  on  a  "cost-plus"  basis,  founded 
on  efficiency,  and  they  looked  forward  to  increased 
efficiency  and  reduced  costs  just  as  soon  as  Nov.  11  passed. 
We  arrived  there  at  a  time  when  production  had  not 
improved  as  it  should  have  done.  We  did  not  see 
as  many  multiple-spindle  machines  as  we  have  here.  We 
did  find  a  great  improvement  in  dies  and  jigs,  and  great 
saving  in  the  time  of  machining  jobs.  One  job  in  ma- 
chining a  crankcase  that  had  always  taken  5  hr.  had  been 
brought  down  to  45  min.  by  improvements  in  jigs  and 
tools.  Even  in  factories  where  they  were  building  cars 
they  did  not  have  the  same  line  of  progressive  assembly 
of  parts  that  we  have  here.  They  said  they  were  doing 
as  cheap  machine  work  as  we  were  doing  here,  but  ad- 
mitted that  when  they  got  into  assembling  they  lost 
money.  The  fitters  were  bent  on  good  work  and  would  do 
good  work  only.    When  we  got  into  the  Manchester  area 
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we  seemed  to  run  into  a  group  of  workmen  who  had 
caught  the  production  idea.  Improvement  in  factories 
was  being  much  discussed  in  England,  and  manufactur- 
ers were  moving  up  to  Manchester,  because  of  the  better 
spirit  shown  by  labor  there. 

I  think  it  is  a  pretty  correct  conclusion  that  Europe 
has  much  progress  to  make  in  assembling,  but  is  going 
to  make  it  quickly.  It  was'  hard  for  us  to  understand 
what  a  controlled  factory  meant  over  there.  Some 
were  very  badly  disorganized;  their  engineers  were 
taken  away;  they  were  compelled  to  sign  an  agreement 
they  would  not  do  any  development  work.  Being  tied 
down  there  was  no  incentive  to  go  ahead  on  production 
plans ;  yet  in  every  factory  they  are  now  asking  for  pro- 
duction men,  and  there  is  an  opportunity  for  men  who 
can  make  good  in  the  production  field.  They  have  recog- 
nized the  fact  that  to  get  the  best  out  of  a  factory  they 
must  develop  their  production  methods. 

They  have  as  good  welfare  work  in  all  the  factories, 
British,  French  and  Italian,  as  we  have  here.  They  have 
doctor^  and  nurses  everywhere.  Anybody  having  a 
scratch  is  compelled  to  go  to  the  factory  hospital.  They 
have  physical  examinations  of  the  men  for  fitness  and 
look  into  their  home  life  and  see  that  homes  are  kept  in 
good  condition.  '  I  think  that  the  large  employment  of 
women  is  responsible,  to  a  considerable  extent,  for  this 
new  interest  in  the  worker.  They  were  able  to  get  higher 
production  with  the  women  than  with  the  men.  Every- 
where we  went  we  were  asked  for  better  equipment.  They 
want  industrial  and  electric  trucks  for  moving  materials. 
It  surprised  us  to  see  four  or  five  workers  pushing  the 
trucks  along.  They  had  not  been  able  to  get  the  indus- 
trial trucks.  Fiat  received  four  after  waiting  for  them 
for  over  9  months.  Very  great  use  is  made  of  the  over- 
head monorail  in  factories,  *and  in  places  small  trolleys 
are  kept  running  through  the  aisles. 

They  have  given  a  greater  amount  of  attention  to 
ventilation  than  we  have.  Huge  ventilators  are  used 
through  which  the  air  is  exhausted,  and  good  exhaust 
systems  are  attached  to  every  saw  in  the  woodworking 
departments.  They  have  done  a  wonderful  amount  of 
work  also  in  protecting  the  workers  from  machinery. 

In  some  of  the  factories,  particularly  magneto  plants, 
the  lighting  is  noticeably  good.  Magneto  manufacturing 
is  an  industry  new  to  England,  begun  during  the  war. 
There  is  now  a  regular  magneto  organization  with  thir- 
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teen  or  fourteen  factories  in  it.  We  were  in  one  four- 
story  brick  building  with  sides  of  glass,  where  the  lamps 
were  brought  down  on  the  left  side  of  the  individual 
worker  and  there  was  no  glare.  The  condenser  tables  had 
glass  partitions.'  The  seats  for  the  women  had  adjustable 
foot-rests.  The  layout  was  perfect;  I  do  not  know  where 
one  could  find  anything  better.  We  spent  a  half -day  in 
one  of  the  large  machine-gun  factories  of  the  Birming- 
ham Small  Arms  Co.  in  Birmingham,  a  four-story  struc- 
ture with  two  parallel  buildings  and  connecting  cross 
galleries.  Here  also  was  the  same  regularity  of  arrange- 
ment. 

The  use  of  an  auditorium  has  become  very  general. 
They  had  taken  up  the  movies  and,  of  course,  the  films 
most  used  were  about  the  war.  It  was  by  these  films 
that  the  workers  in  the  factories  were  kept  in  close  touch 
with  conditions  at  the  front.  They  are  now  using  films 
to  show  manufacturing  processes  in  the  same  way  that 
we  are  here. 

Post- War  Car  Designs 

We  obtained  much  information  on  post-war  models 
not  yet  out.  For  example.  Fiat  has  a  sniall  four-cylinder 
type  car,  designed  for  quantity  production.  Renault  has 
one,  the  price  to  be  about  $1,000.  Crossley,  the  Austin 
Co.  and  several  others  each  have  one.  By  far  the 
great  majority,  however,  have  not  had  an  opportunity  to 
start  on  new  work.  They  have  all  gone  into  electric 
starting  and  lighting,  however,  and  in  many  cases  with 
their  own  apparatus.  Renault  and  Fiat  are  doing  this. 
They  have  some  standardization  work  to  do,  to  all  ap- 
pearances. There  are  twenty-three  different  battery 
makers  in  England,  all  using  different  standards  arid 
sizes,  and  it  is  the  same  with  the  car  people  as  it  formerly 
was  over  here.  They  are  putting  the  batteries  in  most 
inaccessible  positions.  The  starting  motors  are  being 
mounted  about  as  ours  are  and  using  the  Bendix  drive. 
It  is  a  two-step  affair,  first  engaging  the  pinion  and 
next  putting  on  the  current.  The  generators  are  now 
belt  driven,  but  it  is  intended  to  mount  them  integrally 
with  the  engine  and  drive  through  gears.  The  coming 
of  the  electric  starting  and  lighting  has  started  a  tend- 
ency toward  the  valve-in-head  engine.  The  real  post-war 
models  all  have  I-head  engines.  They  admit  that  they 
got  the  inspiration  from  America,  and  particularly  from 
aviation  engine  production.     One  thing  that  led  to  the 
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movement  is  the  easy  mounting  of  the  engine  generator. 
They  are  strong  for  accessibility;  and  they  can  get  at 
both  sides  of  the  engine  if  they  use  this  design. 

Their  new  cars  have  the  same  high  hood  that  ours 
have.  This  affords  room  for  the  I-head  engine.  They 
objected  to  this  engine  some  years  ago  on  account  of 
noise.  Since  then  much  clever  work  has  been  done,  and 
they  feel  that  they  can  now  get  every  part  quiet  except 
the  drive.  They  intend  using  an  overhead  camshaft 
and  are  working  to  get  it  quiet.  They  were  all  very  much 
taken  with  the  I-head  design  in  handling  a  riCpid  flow  of 
gases.  The  speed  of  the  gas  can  be  doubled  from  the 
carbureter  to  the  engine  without  cutting  down  the  power. 
Small  valves  can  be  used. 

Our  cars  receive  a  great  deal  of  criticism.  They 
say  we  sit  on  our  cars  while  they  sit  in  theirs,  and  when 
you  ride  in  their  cars  you  agree  with  them.  We  spent 
10  days  in  different  makes  of  European  cars.  They  ride 
remarkably  "easy".  When  the  speed  gets  to  40  or  46 
miles  per  hr.,  you  do  sit  in  their  cars;  the  cushions  do 
not  hit  you  in  the  back.  They  go  into  that  point  to  a 
great  extent.  We  were  in  one  factory  where  there  was  a 
skeleton  with  patterns  of  legs,  arms  and  body  cut  out. 
They  had  studied  the  tension  put  on  the  different  muscles 
when  the  back  is  in  different  positions.  Their  cushions 
are  designed  ;30  the  passenger  can  sit  with  the  least 
.possible  strain  on  the  muscles.  I  believe  we  could  do  a 
great  deal  along  that  line.  Their  cars  are  most  com- 
fortable and  they  are  very  low. 

Motor  Truck  Design 

I  have  been  asked  about  the  trucks  in  the  war  zone. 
There  are  two  essential  characteristics  of  trucks — rug- 
gedness  and  accessibility.  The  truck  was  required  to 
carry  100  per  cent  overload  if  necessary,  but  it  had  to  be 
accessible,  for  there  were  times  when  in  repairing  a  truck 
it  was  more  bother  to  get  at  the  part  than  to  make  the 
replacement. 

With  Europe  coming  back  into  the  truck  market,  i^uto- 
mobile  trucks  and  tractors  should  be  to  a  large  extent 
international.  There  is  great  need  for  us  tQ  get  together 
and  standardize  to  make  their  use  easier  for  owners. 
This  is  true  also  in  the  battery  business,  and  they  are 
very  anxious  to  discuss  it.  We  found  Fiat  making  a 
certain  type  of  battery  with  one   single  connection; 
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Renault  building  a  different  type  and,  as  I  have  staled, 
twenty-three  different  types  in  England  alone.  Think  of 
the  money  that  is  and  will  be  tied  up,  and  how  difficult 
it  will  be  to  sell  and  give  service  in  the  other  countries 
of  the  world.  Batteries  should  be  as  interchangeable  as 
gasoline  or  oil  and  tires  as  well.  They  are  considering 
our  tire  sizes.  They  are  anxious  to  reduce  the  number  of 
tire  sizes  as  much  as  possible  to  improve  the  merchan- 
dising. 

We  certainly  have  a  problem  ahead  of  us  in  our  export 
trade.  The  world  is  tremendously  big  and  wants  auto- 
motive apparatus.  There  is  going  to  be  enough  demand, 
more  than  all  can  supply.  The  biggest  job  is  to  make 
it  as  easy  as  possible  to  buy  this  apparatus,  operate  it 
and  keep  it  in  repair.  There  is  no  reason  why  France, 
Italy  and  America  should  set  up  their  own  standards  in 
different  parts  of  the  world.  We  must  remember  that 
"characteristic"  designs,  individual  preferences  and  little 
peculiarities  in  a  car  set  up  barriers  and  create  sales 
resistance  in  India,  Canada  or  Australia.  Would  it  not 
be  better  for  the  manufacturers  to  talk  these  problems 
over  as  makers,  and  cooperate,  rather  than  fight  them 
out  in  the  merchandising  fields  at  the  four  corners  of  the 
earth?  We  are  now  preparing  to  build  apparatus  that 
is  to  go  to  all  parts  of  the  globe.  Let  us  listen  to  the  de- 
mands made  from  these  different  quarters  and  be  reason- 
able in  adopting  suggestions. 

In  the  war  zone  all  drivers  had  to  keep  to  the  right 
side  of  the  road.  That  impressed  the  British,  for  their 
rule  of  the  road  is  the  reverse.  In  Italy  some  cities  have 
one  rule  and  some  another.  It  is  expected  that  the 
Peace  Conference  will  settle  the  rules  of  the  air,  and  it 
would  be  well  if  the  rules  of  the  road  could  be  standard- 
ized. If  we  had  international  road  rules  the  cost  of 
manufacture  would  be  reduced  to  some  extent  and  sales, 
resistance  on  that  point  eliminated.  Automobile  manu- 
facturers should  get  together  and  push  on  this  point. 

European  nations  should  all  build  a  standard  width  of 
gage  or  track.  There  was  trouble  before  the  war,  for 
they  built  gages  of  62  and  64  in.  for  certain  countries. 
We  are  very  glad  to  know  that  Fiat  decided  to  build  for 
export  a  57-in.  gage  only.  How  much  more  fortunate 
for  us  that  they  are  already  building  a  57-in.  tread. 
There  will  be  great  manufacturing  economy  if  all  the 
nations  can  agree  in  this  matter. 

We  should  watch  the  fuel  question.     That  is  quite 
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serious.  Gasoline  in  Paris  was  $1  per  gal.,  in  England 
82  cents,  in  Norway  and  Sweden  $2,  in  South  Africa  90 
cents,  and  in  Australia  80  cents.  It  was  25  cents  here. 
They  think  a  great  deal  more  of  fuel  economy  abroad 
than  we  do,  and  the  engineer  in  designing  his  job, 
whether  car,  truck  or  tractor,  must  give  attention  to  it. 
We  design  our  engines  with  America  too  much  in  mind. 
If  we  are  going  to  spend  big  money  on  the  foreign 
market,  we  must  give  attention  to  fuel  economy.  In 
Sweden  it  was  almost  impossible  to  get  gasoline  and  they 
were  using  alcohol. 

London  has  many  steam  trucks.  Up  to  1915  they  were 
operating  on  steel  tires,  and  after  that  on  solid  rubber 
tires.  Over  in  the  war  zone  we  saw  them  everywhere. 
The  fuel  cost  is  about  50  per  cent  that  of  gasoline.  In 
other  places  they  have  been  developing  still  other  types  of 
vehicles.  We  found  Italy  asking  for  electric  trucks,  and 
one  factory  considering  the  manufacture  of  them.  This 
suggests  that  there  must  be  a  good  deal  of  variety  in 
automotive  apparatus  over  the  entire  world,  and  if  we 
confine  ourselves  to  .one  type  of  vehicle,  say  the  gasoline 
type,  we  are  not  going  to  meet  the  entire  field.  Foreign- 
ers have  stronger  individualism  than  we  have  here;  the 
individual  is  more  self-assertive;  if  he  thinks  he  is 
trodden  upon  he  will  resist  and  "scrap"  to  the  end.  Engi- 
neering firms  convinced  that  steam  or  some  other  type 
is  the  thing,  will  go  into  research  to  establish  them- 
selves. There  is  greater  breadth  of  view  over  there. 
They  have  vehicles  of  quite  different  types  that  are  very 
successful. 

The  Airplane  Industry 

The  problems  of  the  airplane  industry  are  troubling 
France  and  England  very  much.  They  are  wondering 
what  to  do  with  the  factories  and  studying  the  commer- . 
cial  aspects  of  aviation.  If  one  judged  what  is  to  happen 
from  the  newspapers,  he  would  think  that  transportation 
is  to  be  taken  over  entirely  by  airplanes.  Yet  there  is 
a  strong  movement  to  stop  any  headlong  plunge  into  com- 
mercial aviation.  They  are  trying  to  check  rashness. 
When  I  left  they  had  prohibited  any  organization  irom 
promoting  passenger  air  service  1:)etween  England  and 
France,  because  there  were  no  international  rules  per- 
mitting it.  If  one  of  the  big  planes  started  and  some 
day  had  an  accident  with  all  killed,  commercial  aviation 
would  be  set  back.    They  are  looking  into  the  question 
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sanely  and  are  fully  alive  to  the  value  of  aviation.  When 
we  left  at  the  end  of  January  airplane  factories  were 
still  going  along,  one  with  orders  for  150  big  bombing 
planes  and  another  had  orders  for  300.  They  are  going  to 
build  an  aerial  navy  and  plan  to  dominate  the  air  as  they 
have  dominated  the  sea.  For  commercial  aviation  they 
are  laying  their  plans  just  as  broadly. 

They  must  have  landing  fields  every  10  miles,  day  and 
night  signals,  signals  that  will  serve  for  use  with  their 
radio  equipment.  They  must  have  meteorological  sta.- 
tions  and  they  are  working  on  schools  of  air  navigation, 
and  training  their  men  as  sea  captains.  They  are  work- 
ing on  mail  trafSc  and  insisting  on  that  and  express  and 
merchandise  carriage,  putting  passenger  travel  last.  All 
these  fundamentals  are  to  be  settled  and  installations 
made  before  there  can  be  a  great  air  transport  system. 

While  the  Zeppelin  has  been  a  failure  in  war,  it  is 
recognized  as  a  possible  tremendous  success  as  a  vehicle 
of  commerce.  They  are  not  taking  transatlantic  flight 
very  seriously,  but  concede  that  it  will  be  accomplished 
with  the  dirigible.  They  have  in  London  now  airships 
that  could  make  the  trip  from  there  to  New  York  City 
and  back  without  landing.  Long  flights,  like  those  from 
New  York  to  Chicago,  for  instance,  are  for  dirigibles 
and  not  airplanes. 

Our  aviators  on  the  other  side  used  the  French  Spad 
plane  entirely;  all  single-seater  fighting  was  done  in 
them.  While  we  heard  nothing  but  praise  of  the  Liberty 
engine,  our  planes  were  not  so  successful.  We  heard 
criticisms  of  the  DH-4  plane.  These  came  from  our  own 
organizations,  our  pilots  and  observers.  Our  planes  did 
not  have  parachutes  and  we  lost  many  aviators  for  that 
reason  when  the  machines  took  fire.  The  German  Fokker 
machine  had  parachutes,  with  a  strap  around  the  pilot. 
We  knew  about  parachutes,  of  course.  We  demonstrated 
them  in  1917.  They  wondered  in  France  why  we  did  not 
have  them. 

Our  aviators  certainly  deserve  great  credit.  They  went 
against  the  Boche  handicapped.  We  did  not  have  a 
fighting  plane  at  the  front  with  a  protected  gasoline 
tank,  that  is  a  tank  with  laminated  rubber  bound  in  with 
wire  gauze,  to  prevent  the  tank  from  taking  fire  and  leak- 
ing when  struck  by  a  bullet.  Requests  came  from  the 
other  side  for  these  almost  a  year  ago,  urging  that  they 
be  sent,  but  our  aviators  went  into  the  air  with  the  tank 
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vulnerable  to  the  incendiary  bullet,  and  this  meant  death 
if  the  tank  was  punctured. 

Solid  Tire  Mileage 

I  v^as  surprised  to  learn  that  on  London  streets  a 
mileage  of  60,000  is  secured  from  the  front  tires;  the 
average  is  over  40,000.  On  the  rear  tires  the  average  is 
30,000  miles  on  streets  not  very  good.  These  are  solid 
tires.  If  it  is  possible  to  get  that  mileage  on  London 
streets,  what  an  argument  for  us  to  get  gpad^  roads 
and  highways  between  our  cities  and  work  up  to  a  mile- 
age like  that.  There  is  a  great  deal  of  stopping  and  start- 
ing in  the  operation  of  the  London  buses;  often  twenty 
stops  to  the  mile. 

Motorcycles 

The  feeling  over  there  is  that  there  will  be  a  great 
motorcycle  demand.  Great  Britain  has  140,000  coming 
back  from  the  war.  In  France  it  is  said  to  be  respectable 
now  to  do  three  things  not  thought  of  before  the  war;  to 
wear  a  wrist  watch,  smoke  cigarettes  and  ride  in  the  side 
car  of  a  motorcycle.  Motorcycles  are  to  be  seen  in 
Paris  and  London,  and  there  is  no  reason  why  we  should 
not  use  them  as  part  of  a  taxicab  system  in  America. 

There  was  a  great  demand  over  there  for  a  small,  light 
car  like  the  Ford,  a  car  cheap  to  operate.  On  the  boat 
with  us  on  our  return  trip  were  some  people  coming 
over  to  learn  whether  they  could  buy  parts  in  America 
with  which  to  build  a  light  car  to  carry  two,  not  three, 
people. 

THE    DISCUSSION 

Question  :  What  about  the  steel  foundries  over  there? 
Is  any  high-grade  steel  casting  work  done? 

Mr.  Beecroft:  Yes,  a  good  deal.  Fiat  has  a  big  steel 
foundry  with  four  huge  10-ton  cupolas,  and  Lancia  has 
another.  Renault  has  one  and  there  are  several  in  Eng- 
land. A  great  development  has  taken  place  in  that  line. 
I  spent  a  day  at  the  National  Physical  Laboratory,  which 
corresponds  to  our  Bureau  of  Standards,  and  was  struck 
with  the  enormously  practical  work  they  were  doing  there. 
That  organization  was  responsible  for  the  copper-alumi- 
num alloys.  They  were  rolling  aluminum  0.008  in.  thick. 
In  another  place  they  were  treating  steels  on  a  com- 
mercial basis.  There  is  a  practical  aspect:  they  have 
put  through  and  approved  twenty  steel  standards  for  the 
automobile  trade.    They  called  the  steel  makers  and  the 
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automobile  manufacturers  together  and  for  a  period  of 
11  months  developed  steel.  Last  October  the  steel  mills 
started  on  the  production  of  these  tvirenty  new  grades  of 
automobile  steel. 

Question  :  What  fuel  is  used  in  the  steam  vehicles  in 
London  ? 

Mr.  Beecroft:  Mostly  fine  soft  coal.  In  December 
coke  was  used  and  giving  much  greater  mileage.  In 
France  they  are  using  a  fine-dust  coal. 

QUESTioij^    How  many  men  are  used  on  them? 

Mr.  Beecroft:  Two,  a  driver  and  a  workman.  The 
vehicles  are  simple  to  operate.  It  takes  about  1  hr.  to 
get  well-fired-up  in  the  morning. 

Question:  What  is  the  present  life  of  the  airplane 
engine? 

Mr.  Beecroft:  I  do  not  know.  One  gets  various  opin- 
ions. On  the  front  they  are  generally  overhauled  every 
35  to  75  hr.  Renault  was  guaranteeing  engines  for  50  hr. 
on  the  front  before  overhaul. 
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.      PAPERS 

ADAPTING  THE  FUEL  TO  THE  ENGINE^ 
By  E  W  Dean^  and  J  P  Smootz^ 

BUREAU  of  Mines  refinery  statistics  for  the  calendar 
year  1918  show  a  production  of  different  types  of 
petroleum  fuel  products  represented  by  the  following 
approximate  figures: 

Product  Gal. 

Gasoline  3,600,000,000 

Kerosene  1,800,000,000 

Fuel  oil  6,600,000,000 

Added  to  this  are  3,100,000,000  gal.  of  crude  oil,  used 

as  fuel  without  refining.    The  statistics  do  not  distin- 

gruish  the  different  classes  of  fuel  oils,  and  the  following 

provisional  estimate  has  been  made: 

Product  Gal. 

Gas  odl  or  distillate  fuel  oil  800,000,000 

Light  residuum  fuel  oil  2,000,000,000 

Heavy  residuum  fuel  oil  6,900,000,000 

Processing  or  refining  costs  for  the  different  oils  are 
difficult  to  estimate  and  of  little  significance  in  deter- 
mining the  selling  price,  which  is  controlled  by  the  law 
of  supply  and  demand.  All  types  in  the  last  list  can 
be  used  in  so-called  heavy-oil  engines,  but  the  gas  oil 
and  light  residuum  are  most  'desirable  in  the  order  given. 
They  are  less  plentiful  than  the  heavy-residuum  type 
which  generally  cannot  be  used  without  special  equip- 
ment for  preheating.  The  proportionate  yield  of  gas 
oil  can  be  increased  if  a  sufficient  demand  is  developed. 
It  is  not  yet  settled  whether  on  general  principles  it  is 
desirable  to  design  and  construct  engines  that  will 
utilize  the  heavy^esiduum  products  or  it  is  desirable 
to  pay  the  additional  price  that  will  induce  refiners  to 
produce  larger  quantities  of  gas  oil. 

The  Bureau  of  Mines,  in  the  course  of  its  work  to 
promote  efficiency  in  the  utilization  of  mineral  resources, 
has  devoted  much  attention  to  the  problem  of  fuel  for 
internal-combustion  engines.  Up  to  date  gasoline  has 
been  the  principal  product  of  interest,  but  the  present 
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discussion  concerns  those  fuels  that  are  used  in  so- 
called  heavy  oil  engines.  An  endeavor  has  been  made 
to  present  some  simple  fundamental  information  regard- 
ing a  group  of  petroleum  products  that  are  usually  re- 
garded as  nothing  more  interesting  than  a  source  of 
heat. 

Types  of  Fuel  Products  Derived  from  Petroleum 

The  fundamental  operation  in  the  refining  of  petro- 
leum is  distillation  or  fractionation.  Crude  oil  is  boiled 
in  suitable  stills  and  the  vapors  are  condensed.  Those 
products  which  are  "lightest,"  that  is,  have  the  lowest 
boiling  points,  are  removed  first.  The  heavier,  or  higher 
boiling  products,  distill  later  or  may  be  separated  as  a 
residue  left  in  the  still.  The  distillation  process  is  some- 
times complicated  by  the  phenomenon  of  cracking  which 
occurs  in  certain  types  of  refinery  procedure.  Cracking 
is  actually  nothing  more  nor  less  than  destructive  dis- 
tillation, or  decomposition  by  heat,  and  the  production 
of  kerosene  by  this  means  has  been  standard  refinery 
practice  for  many  years.  The  production  of  gasoline 
by  cracking  is  more  or  less  an  innovation  and  involves 
the  use  of  pressure,  whereas  the  older  types  of  cracking 
or  coking  stills  operate  at  atmospheric  pressure. 

The  iuel  products  separated  from  crude  petroleum 
may  be  grouped  under  the  following  classes: 

Gasoline 

Kerosene ' 

Gas  oil  or  fuel  oil  distillate 

Light  residuum  fuel  oil 

Heavy  residuum  fuel  oil 

Properties  and  Method  of  Production 

An  adequate  discussion  of  the  properties  and  methods 
involved  in  the  production  of  these  different  t3rpes  of 
petroleum  fractions  would  be  beyond  the  scope  of  the 
present  paper,  but  a  brief  description  may  serve  to  in- 
dicate differences  that  are  of  economic  importance. 

Gasoline  is  a  product  that  is  so  familiar  and  so  fre- 
quently discussed  that  it  needs  little  description  in  the 
present  connection.  Its  production  ordinarily  involves 
distillation,  chemical  treatment  and  redistillation.  Its 
essential  properties  are  volatility  and  a  degree  of  purity 
that  is  indicated  by  freedom  from  colored  and  malodo- 
rous impurities. 
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The  production  of  kerosene  requires  also  a  primary 
distillation,  chemical  treatment  and  redistillation.  The 
essential  properties  of  kerosene  are  safety  and  ability 
to  bum  satisfactorily  from  a  wick. 

The  petroleum  fractions  classed  as  gas  oil  or  fuel  oil 
distillate  vary  over  a  wide  range  of  physical  and  chemi- 
cal properties.  Their  production  generally  involves  a 
single  distillation,  and  they  are  not  subjected  to  chemical 
treatment.  Their  common  characteristic  is  practical 
freedom  from  asphaltic  or  pitchy  constituents  that  form 
coke  when  the  oil  is  heated  strongly  enough  to  cause 
complete  vaporization.  In  addition  to  its  numerous  in- 
dustrial uses,  gas  oil  is  at  present  the  preferred  mate- 
rial for  transformation  into  gasoline  by  the  pressure- 
distillation  cracking  processes. 

Residuum  fuel  oils  vary  over  an  even  wider  range 
of  physical  and  chemical  properties  than  do  distillate 
fuel  oils.  Their  essential  characteristic  is  a  content  of 
pitchy,  asphaltic  material,  which  decomposes  with  the 
formation  pf  coke  when  the  oil  is  heated  strongly  enough 
to  bring  about  complete  vaporization.  There  is  no  clear- 
cut  line  of  demarcation  between  products  classed  in  the 
present  discussion  as  "light"  and  "heavy,"  but  a  distinc- 
tion has  been  made  on  the  basis  of  viscosity  or  ease  of 
flow.  Oils  that  require  preheating  before  they  can  be 
handled  in  ordinary  equipment  are  classed  as  "heavy"; 
those  that  flow  satisfactorily  without  this  treatment  are 
classed  as  "light."  Residuum  oils  are  more  likely  to 
contain  such  impurities  as  water  and  sediment  than  are 
distillates,  and  this  tendency  is  more  marked  with  the 
heavier  than  with  the  lighter  products.  Most  of  the  high 
sulphur  oils,  such  as  those  from  Mexico,  are  of  the  heavy 
type,  though  not  all  heavy  residuum  oils  contain  exces- 
sive percentages  of  sulphur. 

Quantities  of  Different  Oils  Available' 

The  Bureau  of  Mines  refinery  statistics  for  the  calen- 
dar year  1918  show  a  prodifction  of  the  different  types 
cf  fuel  products  represented  by  the  following  approxi- 
mate figures: 

Product  Gal. 

Gasoline    3,600,000,000 

Kerosene    1,800,000,000 

Fuel   oil 6,600,000,000 

The  total  amount  of  unrefined  crude  oil  consumed  in 
the  United  States  in  1918  was  3,100,000,000  gal. 
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The  actual  statistics  do  not  distinguish  between  the 
sub-classes  grouped  under  fuel  oils,  but  these  have  been 
subjected  to  the  following  provisional  estimate: 

Gal. 

Gas  oil  or  distillate  fuel  oil 800,000,000 

Light  residuum .2,000,000,000 

Heavy  residuum  6,900,000,000 

The  high  figure  for  heavy  residuum  was  obtained  by 
considering  all  unrefined  crude  oil  consumed  in  the  coun- 
try as  being  in  this  class.  The  present  distribution 
among  the  three  sub-classes,  whether  or  not  it  is  accu- 
rately represented  by  the  figures  just  given,  is  actually 
determined  in  the  main  by  conditions  of  profitable 
marketing.  The  methods  and  equipment  now  used  in 
refineries  would  permit  considerable  increases  in  the 
production  of  certain  types  of  oil,  if  demands  warranted 
the  necessary  changes.  The  yield  of  gas  oil  or  fuel  oil 
distillate,  in  particular,  could  be  notably  increased  if  its 
market  value  were  sufficient  to  render  profitable  its  sepa- 
ration from  the  residuum  oils.  Light  residuum  oil  can 
be  converted  into  distillate  and  heavy  residuum,  and 
the  latter  can  be  distilled  and  cracked  into  oil  and 
coke. 

The  Bureau  of  Mines  is  not  in  possession  of  figures 
indicating  with  any  degree  of  exactness  the  actual  cost 
Of  producing  the  types  of  products  listed  and  can  discuss 
this  subject  only  in  general  terms.  Manufacturing  or 
processing  costs  are  approximately  the  same  for  gasoline 
and  kerosene,  notably  smaller  for  gas  or  fuel  oil  distil- 
late and  still  less  for  residuum  oils. 

In  actual  fact,  these  processing  costs  do  not  seem  to 
be  of  more  than  minor  practical  significance,  as  the  sell- 
ing price  of  petroleum  products  is  now,  and  probably 
always  will  be,  determined  chiefly  by  the  ratio  between 
supply  and  demand.  For  this  reason,  it  is  more  desir- 
able to  estimate  the  probable  future  cheapness  or  costli- 
ness of  oil  fuels  on  the  basis  of  figures  pertaining  to 
production  and  consumption,  rather  than  on  actual  costs 
of  treatment  and  handling  in  the  refinery.  This  fact 
is  brought  out  particularly  well  by  .the  present  ratio  of 
more  than  two  to  one  between  the  market  prices  of  gaso- 
line and  kerosene  which  are  products  costing  approxi- 
mately the  same  to  refine. 
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Author's  Conclusions 

The  present  paper  has  indicated  that  there  are  avail- 
able for  use  in  heavy  oil  engines  several  tjrpes  of  petro- 
leum products  that  vary  considerably  in  physical  and 
chemical  properties.  It  does  not  appear,  however,  that 
the  desirability  of  any  particular  type  of  product  is 
so  definitely  established  as  to  be  independent  of  the 
conditions  under  which  it  is  to  be  used.  The  heavy 
residuum  oils  are  cheapest  and  most  abundant,  but  prob- 
ably the  most  difficult  to  utilise.  Light  residuumi  oils  are 
less  abundant  and  though  more  satisfactory  to  use  than 
the  heavy  are  uneconomical  for  the  refineries  to  turn  out, 
as  they  contain  products  of  greater  value,  such  as  dis- 
tillate fuel  oils  and  lubricants,  that  can  be  separated  by 
simple  refinery  methods  when  there  is  sufficient  demand 
for  such  fractions. 

Distillate  fuel  oils  are  inherently  more  costly  to  pro- 
duce than  the  residuum  types  but  are  potentially  plentiful 
and  are  satisfactory  to  use.  One  circumstance  that 
modifies  their  desirability  as  fuel  for  heavy  engines  is 
the  fact  that  they  are  likely  to  be  required  in  increasing 
quantities  for  transformation  into  gasoline  by  the  crack- 
ing processes. 

Kerosene  is  the  least  abundant  and  most  expensive  of 
the  several  fuel  fractions.  Its  utilization  in  internal-com- 
bustion engines  would  be  a  highly  desirable  accomplish- 
ment for  the  immediate  future  but  such  a  practice  does 
not  seem  to  provide  an  addition  of  any  real  importance 
to  the  country's  resources  of  petroleum  fuel. 

THE    DISCUSSION 

W.  P.  Deppe: — As  shown  in  the  paper,  the  production 
of  refined  oils  in  the  United  States  for  1918,  was  roughly 
divided  into  engine  gasoline,  85,000,000  bbl.;  kerosene, 
45,000,000  bbl. ;  and  fuel  and  gas  oils,  approximately  170,- 
000,000  bbl.  Inasmuch  as  a  large  part  of  the  kerosene 
is .  vitally  necessary  for  people  who  require  lamps  and 
stoves,  not  much  more  can  be  added  to  the  present  engine 
fuels.  Hence  the  problem  of  fuels  possible  from  mineral 
oils  resolves  itself  into  adding  fuel  and  gas  oils  cracked 
to  what  is  now  sold  for  engine  fuels. 

In  1918  the  fiuid  sold  for  engine  gasoline  in  America 
averaged  86  per  cent  with  boiling  points  above  800  deg. 
fahr.,  which  thus  means  that  36  per  cent  of  what  is  now 
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sold  for  engine  gasoline  has  boiling  points  in  the 
kerosene  series.  The  cracked  fuel  and  gas  oils  of  the 
future  added  to  what  is  sold  for  engine  gasoline  means 
something  in  the  way  of  fuels. 

The  fundamental  trouble  to-day,  in  this  whole  prob- 
lem of  engines  and  their  fuels,  is  the  fact  that  neither 
the  automotive  engineers  nor  the  chemists*  to  whom 
they  look  for  technical  knowledge  seem  to  grasp  the 
simple  fact  that  all  engines  bum  a  fluid  called  gas. 
That  gas  must  be  raised  to  its  ignition  point,  about 
1000  deg.  fahr.,  and  consists  of  very  definite  propor- 
tions of  air  and  the  vapors  of  oils  or  other  hydrocarbons. 

The  range  of  complete  combustion  of  say  78  deg. 
Baum^  gasoline  in  air,  is  between  1.5  and  2.5  per  cent, 
yet  all  motor  cars,  with  wet  mixture  carburetion  meth- 
ods, operate  on  ratios  below  15  to  1  of  air  to  oil  vapors. 
All  the  lubrication  troubles,  all  the  knocks  of  which 
engineers  and- the  public  complain  and  which  Mr.  Ket- 
tering and  Mr.  Hunt  so  clearly  bring  out,  disappear 
when  the  oils  in  air  are  transformed  into  true  gases 
before  the  moment  of  ignition.  Sending  oils  in  the 
form  of  a  liquid  suspended  in  air  into  the  cylinders  of 
an  engine  designed  primarily  for  gas  fuels,  is  much 
the  same  as  putting  flour,  eggs,  yeast,  sugar  and  flavor- 
ing extract  into  a  cake  pan  and  baking  that  unmixed 
mass  of  otherwise  very  good  raw  materials. 

Almost  200,000,000  hp.  of  gas  engines  in  trucks,  trac- 
tors and  passenger  cars  will  be  in  use  by  the  end  of 
1919.  There  are  less  than  50,000,000  hp.  of  steam  en- 
gines in  use,  arid  less  than  3,000,000  hp.  of  Diesel  en- 
gines. Therefore  the  greatest  problem  before  the 
S.  A.  E.  and  the  oil  refiners  is  the  pfovision  of  fuels  for 
the  200,000,000  hp.  rather  than  the  limited  amount  of 
heavy  fuels  for  the  Diesel  type  of  engine,  which  when 
mechanically  perfected  over  its  present  well-developed 
state  has  no  cause  for  worry  about  fuels. 

Engineers  and  chemists  attempting  to  deal  with  this 
problem  must  recognize  the  fundamental  laws  of  physics 
and  chemistry  relating  to  liquids,  the  characteristics  of 
the  hydrocarbofis  in  oils,  their  relation  to  the  air  gases, 
their  melting  and  boiling  points,  critical  temperatures, 
etc.  Treating  this  problem  altogether  on  mechanical 
lines,  and  ignoring  the  physical  and  chemical  phases  is, 
in  the  final  analysis,  the  reason  no  progress  has  been 
made  toward  deciding  a  rather  simple  question  in  busi- 
ness economics.    The  problem  in  a  nutshell  is  that  en- 
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gines  are  built  to  use  gas  fluids  as  fuels.  We  are  in- 
jecting liquid  oils  suspended  in  air  into  the  cylinders. 
This  causes  all  the  technical  troubles  of  the  oil  refiner 
to  develop  when  one  attempts  to  produce  gas  in  the  nar- 
row ratios  of  combustible  limits  of  oil  and  air,  under 
exceedingly  high  piressures  in  the  presence  of  flame,  and 
within  time  limits  far  too  short  for  complete  combus- 
tion in  any  type  of  existing  engine.  We  may  keep  our 
eyes  shut  to  these  simple  facts,  but  within  the  next 
year  or  two  this  question  must  be  solved*  commercially 
or  the  gas-engine  industry  will  have  reached  its  limit 
temporarily,  until  men  in  high  places  and  supposed  to 
know  the  technique  of  their  industry  wake  up  to  their 
now  unfortunate  position  on  this  worldwide  economic 
problem. 


HOT  SURFACE  OIL  ENGINES  FOR 
INDUSTRIAL  PURPOSES 

By   A  H   GOLDINGHAM^ 

rLE  oil  engines  described  are  for  stationary  or  land 
installations  and  are  of  the  "hot-surface"  design 
with  combustion  at  constant  volume.  Progress  in  the 
design  is  referred  to  and  the  thermal  efficiency  of  mod- 
em designs  is  compared  with  that  found  in  engines 
twenty-five  years  ago.  Three  important  features  are 
reviewed,  namely:  (a)  Reliability,  (6)  first  cost  and 
(c)  economy. 

Improvements  in  the  design^  of  spraying  devices,  and 
other  details  of  construction  which  have  brought  about 
greater  reliability,  are  referred  to.  Dimensions  of  large 
two  and  four-cycle  oil  engines  are  given,  and  the  first 
costs  of  each  type  are  contrasted.  The  greater  economy 
of  the  modem  oil  engine  as  compared  with  the  earlier 
type  is  explained.  Indicator  cards,  test  data, 'speed, 
weights  and  other  details  of  interest  are  enumerated 
concerning  the  De  La  Vergne  SI  type  of  oil  engine, 
this  being  an  example  of  the  results  obtained  in  a  mod- 
em hot-surface-type  oil  engine. 

The  oil  engines  referred  to  in  the  following  remarks 
are  of  the  horizontal  or  vertical  design  arranged  for  a 
direct  connection  or  by  belting  to  electrical  or  pumping 
and  other  machinery.  They  are  slow  or  medium  in  speed, 
operate  on  the  four-cycle  or  two-cycle  plan  and  are  gen- 

»De  La  Vergne  Machine  Co.,  New  York  City. 
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erally  known  as  the  hot  surface  type,  although  sometimes 
and  erroneously  they  are  termed  semi-Diesel  engines. 
This  designation  is  derived  from  the  *1iot  surface"  con- 
structed according  to  various  designs  including  an  elec- 
trical coil  from  which  the  heat  that  causes  the  ignition 
of  the  mixture  of  fuel  and  air  in  the  combustion  space  is 
first  obtained.  This  title  is  given  in  contradistinction  to 
that  of  the  "Diesel"  type  in  which  ignition  is  caused  by 
the  heat  of  compression  alohe,  and  where  combustion  is 
at  constant  pressure,  while  in  the  former  type  combus- 
tion occurs  at  constant  volume. 

About  25  years  ago  one  of  the  leading  British  oil  en- 
gine manufacturers  offered  a  prize  to  any  employe  who 
could  operate  an  oil  engine  continuously  for  10  hr.  at  full 
load.  Today  many  "hot  surface"  oil  engines  operate  at 
full  load  for  6  months  without  stopping.  A  few  years 
ago  the  lighter  fuels  only  could  be  used  ;*  today  these  en- 
gines are  guaranteed  to  operate  successfully  arid  continu- 
ously on  any  fuel  or  crude  oil  produced  in  the  United 
States  or  Mexico,  which  includes  crude  oils  of  11  deg. 
Baum^  or  heavier,  while  the  guarantee  of  1  lb.  of  fuel  per 
b.hp.-hr.  or  a  thermal  efficiency  of  14  per  cent  in  1900  is 
today  replaced  by  a  guarantee  of  0.45  lb.  per  b.hp.-hr.  and 
even  0.39  and  0.40  lb.  are  reached  successfully.  These 
facts  show  most  emphatically  the  progress  which  has 
been  made  in  the  modem  "hot  surface"  type  oil  engine 
during  the  last  10  to  20  years.  In  a  brief  survey  of  this 
part  of  the  subject  let  us  look  at  three  important  features 
which  call  for  the  time  and  thoughf  of  the  manufacturers, 
are  of  supreme  importance  to  purchasers  and  are  of  sig- 
nificance to  all  who  are  interested  in  the  subject. 

(1)  Reliability 

(2)  First  cost 
(8)   Economy 

I  have  named  these  features  in  this  order  Jbecause  I 
think  and  will  try  to  show  that  their  relative  importance 
to  each  other  is  in  that  sequence. 

Reliability 

I  have  placed  the  feature  of  reliability  of  operation  first 
and  regard  it  of  prime  importance  because  no  matter  how 
high  the  economy  or  how  low  in  the  first  cost,  if  an  oil 
engine  is  not  as  absolutely  reliable  in  operation  as  say 
a  high-grade  steam  plant,  it  is  useless  and  proves  to  be  a 
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poor  investment.  Years  ago  the  oil  engine  had  an  un- 
enviable reputation.  The  modern  oil  engine  of  leading 
manufacturers  is  quiet  in  operation,  is  frequently  main- 
tained for  several  months  continuously  at  full  load  with- 
out stoppage  and  the  exhaust  is  almost  odorless  and 
nearly  invisible.  This  great  improvement  is  largely  due 
to  more  thorough  atomization  of  the  spray  entering  the 
combustion  space,  improved  construction  of  the  vaporiz- 
ing chamber,  force-feed  lubrication  of  all  moving  parts, 
automatic  air-starting  inlet  valves  and  improvements  in 
the  method  of  supplying  heat  to  the  vaporizer. 

The  modem  sprayer  is  designed  either  to  inject  the 
fuel  by  high-pressure  air  as  in  most  Diesel  engines,  or  it 
is  injected  through  a  carefully  designed  and  minutely 
constructed  mechanical  sprayer  of  the  "solid-injection" 
type  and  proportioned  so  that-  a  dry  spray  results,  enter- 
ing at  such  speed  and  volume  that  all  particles  or  globules 
of  hydrocarbon  are  thoroughly  diffused,  reach  the  dis- 
tant points  of  the  combustion  area,  have  the  maximum 
amount  of  their  surface  exposed  to  and  are  intimately 
combined  with  the  oxygen  of  the  air  in  the  vaporizer  or 
combustion  space.  In  addition  to  the  improvements  in 
the  sprayer  the  c'orrect  construction  of  the  fuel  supply 
pump,  in  its  operating  cam  or  eccentric  and  governor 
have  assisted  in  obtaining  this  effect. 

The  method  of  solid  injection  now  used  by  many  Eng- 
lish builders  utilizes  an  accumulator  consisting  of  an 
oval  steel  tube  into  which  the  fuel  is  first  delivered  at  a 
pressure  of  4000  to  5000  lb.  When  the  spray  valve  is 
mechanically  opened  the  atomized  spray  is  instantane- 
ously injected  at  its  maximum  speed  resulting  from  this 
great  pressure.  The  slower  speed  at  the  beginning  and 
end  of  the  pump  stroke  ordinarily  found  where  a  cam 
motion  is  employed,  is  thus  eliminated.  This  method 
has  been  applied  to  both  Diesel  and  hot  surface  engines 
with  great  success. 

The  improved  construction  of  the  vaporizing  chamber 
ensures  proper  and  reliable  operation  at  lighter  loads, 
while  the  emplojrment  of  force-feed  lubrication  to  all 
moving  parts  allows  both  a  correctly  measured  and  a  con- 
tinuous supply  of  lubricating  oil. 

The  use  of  automatic  air-starting  inlet  valves  makes 
certain  the.  admission  of  compressed  air  to  the  cylinder 
at  the  correct  period  of  the  cycle,  and  proper  closing  of 
the  air  supply. 
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Improvements  in  the  vaporizer  heating  lamp  by  the 
use  of  higher  pressures,  result  in  obtaining  greater  tem- 
perature and  quicker  starting.  In  the  lampless  types  the 
modem  use  of  an  electric  coil  for  furnishing  the  heat 
necessary  at  starting  enables  this  type  to  be  started  as 
quickly  as  the  Diesel  engine,  or  where  the  lamp  is  used 
for  heating  purposes,  starting  can  be  effected  in  3  to 
5  min. 

First  Cost 

The  hot  surface  type  is  now  built  in  sizes  from  about 
10  to  400  hp.  for  land  purposes.  The  gasoline  engine  is 
preferred  below  this  limit,  and  above  400  hp.  either  the 
Diesel  type  has  advantages,  or  the  steam  turbine  can  suc- 
cessfully compete  where  conditions  of  fuel,  water  and 
attention  available  are  normal.  The  largest  size  cylinder 
without  piston  cooling  is  21  in.  in  diameter  with  a  34y2- 
in.  stroke  operating  at  908-ft.  piston  speed,  the  engine 
weighing  425  lb.  per  b.hp.  The  first  cost  in  1913  was  $55 
per  b.hp.  Today  it  is  about  $120  for  the  four-cycle  slow- 
speed,  horizontal  design.  With  the  two-cycle  medium- 
speed  type  having  a  piston  speed  of  740  ft.,  a  cylinder 
diameter  of  14  in.  and  a  stroke  of  18Vi  in.,  the  price  in 
1913  was  $55  and  now  is  $90  per  hp. 

The  first  cost  of  an  oil  engine  is  a  very  important 
feature  because  in  most  cases  the  item  of  interest  and 
depreciation,  which  is  generally  figured  at  10  per  cent 
and  divided  equally  between  interest  and  depreciation,  is 
the  greatest  charge  in  the  balance  sheet  showing  the  cost 
of  operation.  For  instance,  the  fuel  cost  of  a  100-hp.  oil 
engine  consuming  0.45  lb.  per  b.hp.-hr.  is  $1,000,  based 
upon  a  run  of  3000  hr.  per  yr.  and  a  cost  of  6c.  per  gal., 
while  the  interest  and  depreciation  charge  on  the  basis 
outlined  would  be  $1,200.  With  the  oil  engine  lower  in 
first  cost  but  where  the  fuel  economy,  might  possibly  not 
be  s6  high  and  maximum  reliability  of  operation  was 
still  retained,  the  more  general  use  of  the  oil  engine  in 
this  country  would  follow. 

At  present  42  per  cent^of  oil  engines  for  land  instal- 
lation are  used  for  pumping  oil  or  water,  19  per  cent  for 
electric  lighting  and  39  per  cent  for  general  power  pur- 
poses. 

Economy 

The  thermal  eflSciency  of  the  modem  hot  surface  type 
oil  engine  is  30  per  cent,  and  comparing  this  with  14  per 
cent,  as  previously  mentioned,  shows  a  great  advance. 
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This  improvement  is  due  to  the  higher  compression  pres- 
sures now  employed  and  to  more  efficient  spraying  or  pul- 
verizing of  the  fuel.  In  the  earlier  oil  engines  the  injec- 
tion of  the  fuel  proceeded  during  the  air  inlet  period  or 
the  first  part  of  the  compression  stroke.  The  cylinder  or 
combustion  space  was  thus  filled  with  an  explosive  mix- 
ture during  the  compression  stroke  or  period,  and  accord- 
ingly only  that  pressure  of  compression  was  allowable 
which  would  make  the  temperature  of  the  mixture  being 
compressed  rise  to  ignition  conditions. 

With  the  lapsing  of  the  Diesel  patents  in  about  1904 
the  feature  of  that  engine,  namely,  the  injection  of  the 
fuel  at  or  near  the  end  of  the  compression  stroke  was 
adopted  by  most  hot  surface  engine  builders.  This  sys- 
tem allows  a  higher  compression  pressure  as  the  air  only 
is  compressed  and  the  danger  of  preignition  present  in 
the  earlier  engines  is  eliminated.  The  processes  of  fuel 
injection  and  ignition  in  the  modem  engine  are  practi- 
cally simultaneous. 

One  of  the  latest  and  at  present  most  interesting  de- 
signs of  hot  surface  oil  engine  is  the  De  La  Vergne  S  I 
type  designed  with  both  the  horizontal  and  vertical  multi- 
cylinder  construction.  This  engine  starts  instantane- 
ously when  cold  without  a  heating  lamp,  the  initial  heat 
being  supplied  from  an  electric  coil. 

The  particulars  of  a  test  on  a  100-hp.  four-cycle  single- 
cylinder  engine  of  this  type  are  given  on  page  695  and 
a  set  of  indicator  cards  taken  under  various  conditions 
is  also  reproduced  on  the  same  page. 

The  engine  tested  had  a  single  cylinder  of  19-in.  diam- 
eter, a  24-in.  stroke  and  operated  at  200  r.p.m.  It  used 
as  fuel  an  oil  having  a  specific  gravity  of  34  deg.  Baum^ 
and'  a  flash-point  of  144  deg.  fahr.  The  heating  value  of 
the  oil  was  19,350  B.t.u.  The  amount  of  cooling  water 
consumed  was  3  gal.  per  b.hp.-hr.  and  the  inlet  and  out- 
let temperatures  were  65  and  130  deg.  fahr.,  respectively. 
A  compression  pressure  of  225  lb.  and  a  maximum  igni- 
tion pressure  of  450  lb.  were  used  and  the  starting  air 
pressure  was  100  lb.  The  fuel  consumption  ranged  from 
0.41  lb.  per  b.hp.-hr.  to  0.72  lb.  at  one-quarter  load.  The 
exhaust  was  invisible  and  had  a  temperature  of  650  deg. 
fahr. 

THE    DISCUSSION 

H.  C.  Vebhey: — My  first  experience  with  the  Diesel 
engine  dates  back  about  12  yr.,  at  which  time  I  had  an 
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opportunity  to  see  some  drawings  for  this  type  of  engine 
in  Augsburg,  Germany.  We  soon  after  started  work  on 
an  experimental  engine  which  we  bought.  We  experi- 
mented with  the  running,  and  all  that  sort  of  thing, 
which  was  very  easy.  Then  we  started  to  build  our 
own  engines,  sending  engineers  and  shopmen  over  to  see 
how  they  did  things  on  the  other  side.  When  our  first 
two-cylinder,  100-hp.  engine  had  been  running  for  about 
1  hr.  there  was  an  awful  noise,  then  a  great  explosion 
which  made  us  feel  that  the  whole  Diesel  was  going  up 
in  the  air ;  then  the  compressor  stuck  and  a  few  more 
things  happened. 

We  knew  that  we  had  secured  all  the  information  we 
needed  from  the  manufacturers  abroad.  The  trouble 
was  that  we  did  not  have  the  slightest  idea  how  to  run 
the  engine  in  the  shop,  giving  the  proper  clearances  and 
introducing  the  oil  in  the  correct  way,  and  the  proper 
attendance  was  lacking  because  we  had  had  no  experi- 
ence. 

Diesel  engineers  and  the  statisticians  also  are  further 
advanced  today  because  foreigners,  particularly  the 
Danes  and  Swedes,  have  been  coming  regularly  to  this 
country  with  their  big  ships,  and  the  Dutch,  on  a  lesser 
scale  with  smaller  ships. 

Formerly,  when  people  went  over  to  inspect  these  new 
engines  very  little  attention  was  paid  to  the  reciprocat- 
ing engine,  particularly  by  the  men  interested  in  the 
manufacture  of  steam  installations.  Today  there  is  a 
different  tendency.  At  a  meeting  like  this,  we  automo- 
bile engineers  become  familiar  with  the  troubles  that 
are  common  to  these  heavy-oil  engines.  This  is  the  first 
step  toward  real  success,  which  I  feel  cannot  be  very  far 
away. 

I  was  fortunate  enough  to  be  -sent  out  by  one  of  the  few 
really  successful  American  firms,  those  that  have  gone 
through  various  serious  hardships  and  emerged  success- 
fully. In  1914  I  went  to  Switzerland  with  the  sanc- 
tion of  the  Secretary  of  the  Navy,  since  I  was  not  a  f  uU- 
fiedged  citizen  at  that  time,  to  study  submarine  engine 
designs.  I  got  back  with  many  drawings  after  this 
country  was  in  the  war.  We  copied  the  engine,  but  the 
.  ship  was  not  in  position  to  take  it  in  that  form,  and  we 
had  to  do  everything  over.  We  did  right  here  in  this 
country  some  work  which  resulted  in  an  engine  that  does 
not  crack  pistons  or  heads,  which  shows  that  where  there 
is  the  will  to  do  certain  things,  those  things  can  be  done. 
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In  fact,  going  to  Europe  for  talent  and  workmanship  for 
Diesel  engines  is  absurd.  Our  material  here  is  superior 
to  theirs.  We  have  had  less  trouble  with  pistons  from 
the  very  beginning,  when  our  people  did  not  know  how 
to  make  them  or  how  they  should  apply  clearances,  and 
I)articularly  how  to  take  care  of  lubrication  and  such 
little  things,  than  they  had  in  the  early  development  of 
the  Diesel  engine  in  the  old  country.  Naturally,  we  can- 
not be  too  proud  of  that,  because  where  the  other  fellow' 
ended,  we  started,  but  we  should  appreciate  at  its  full 
value  the  fact  that  our  manufacturing  facilities  are  bet- 
ter than  those  of  Europe;  that  we  have  acquired  all  the 
information  Europe  has;  that  companies  over  here  are 
today  making  things,  particularly  in  the  line  of  castings, 
that  cannot  be  surpassed  by  any  firm  in  Europe.  I  have 
seen  these  things,  and  I  know  this  to  be  true.  Certain 
castings  which  were  tremendously  difficult  to  make  came 
out  splendidly.  That  sort  of  work  has  been  most  success- 
ful. All  that  is  needed  to  give  us  ccmfidence  in  our 
ability  to  tackle  this  thing  is  the  cooperation  of  engi- 
neers. Such  an  engine  can  be  made.  A  big  Diesel 
engine  is  no  hard  proposition  for  the  well-established 
manufacturers  of  this  country.  I  have  been  able,  due 
to  my  position,  to  watch  what  they  are  doing,  and,  gen- 
tlemen, it  is  superior  to  what  is  done  in  Europe  today. 

Carl  Georgb  de  Laval: — I  have  noted  with  some  ap- 
prehension the  great  effort  made  by  various  Scandinavian 
companies  to  establish  factories  in  this  country,  and  by 
advertising  and  sales  prc^aganda  to  lead  the  world  in 
internal-combustion  engine  design.  We  should  not  sit 
idly  by  and  allow  this  situation  to  be  developed  by 
Europeans,  who  import  engines  and  are  now  establishing 
factories  here,  such  as  those  on  the  Pacific  coast,  to  ob- 
tain the  trade  that  rightfully  belongs  to  us.  There  is  no 
mystery  in  building  these  engines.  The  achievement  of 
the  Europeans  is  not  by  the  extraordinary  merit  of  any 
particular  type  or  design,  and  if  we  only  stop  to  con- 
sider the  situation,  we  will  engage  in  it  ourselves.  The 
here.  Our  need  and  output  are  much  greater,  and  we 
are  looking  for  work  for  our  returned  soldiers,  here  is  a 
field  we  can  enter  and  thereby  employ  a  great  number 
of  men. 

We  have  learned  the  lesson  in  these  last  yeara  that 
petroleum  will  bring  order  out  of  the  present  situation 
by  its  new  mechanical  advantages.  We  have  not.  paid 
enough  attention  to  oil,  as  coal  has  been  cheaper;  we 
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have  not  fully  considered  its  advantage  over  coal  in 
reducing  final  costs.  For  marine  purposes,  because  of 
its  advantage  in  the  reduction  of  bunker  space,  increased 
mileage,  elimination  of  fire  risk,  increased  ship  opera- 
tion and  reduction  in  operating  expenses,  we  shall  be 
forced  to  enter  this  field  in  competition  with  the  Euro- 
peans. From  now  on  we  are  in  a  new  era  for  both  marine 
and  industrial  power,  heating  and  the  multiplication  of 
benefits  that  will  result.  Under  new  conditions  we  shall 
work  out  our  problems  more  successfully. 

For  ordinary  use  the  internal-combustion  engine  bids 
fair  to  be  the  most  successful  in  its  proper  field,  oper- 
ated by  ordinary  men,  and  such  engines  should  be  made 
reliable,  easy  to  run  and  not  too  expensive.  Finish  for 
external  surfaces  is  of  secondary  importance.  Even 
Chinamen  in  Canton  are  now  making  copies  of  these 
simple  surface-combustion  engines,  competing  success- 
fully with  foreign  makes.  They  selected  the  hot-bulb 
engine  as  being  the  simplest  for  use  on  their  fishing 
junks.  When  a  Chinaman  can  see  good  reasons  for 
adopting  such  petroleum  engines,  we  certainly  should  be 
ready  to  introduce  them  more  extensively  in  our  harbor, 
river  and  canal  work,  in  industrial  establishments  and 
many  other  places.  To  succeed  they  must  be  cheap  in 
first  cost  and  so  simple  to  operate  that  a  man  with  no 
mechanical  knowledge  can  run  them  with  a  little  instruc- 
tion. Engines  must  withstand  abuse  and  must  not  be 
dependent  on  magnetos  or  batteries  for  ignition. 

Mention  has  been  made  of  various  failures  in  our 
merchant  marine  with  oil  engines,  because  of  unsuitable 
and  untrained  labor.  This  is  a  situation  that  must  be 
met  by  the  designer  and  builder.  It  differs  from  the 
European  problem  in  that  they  always  have  men  who 
are  well  trained  along  this  particular  line.  It  is  different 
here.  Our  need  and  output  are  much  greater,  and  we 
must  build  engines  that  can  be  run  by  anyone,  regardless 
of  training. 

In  the  development  of  this  industry  and  its  great  im- 
portance to  production  in  our  country,  it  is  absolutely 
necessary  that  the  engines  be  made  here  and  not  3000 
miles  away,  and,  incidentally,  we  must  endeavor  to  corral 
our  own  fair  share  of  the  profits. 

There  are  no  fundamental  patents  in  force  on  either 
Diesel  or  hot-bulb  designs,  and  the  foreign  patents  per- 
tain to  minor  details  only,  which  can  be  worked  out  in 
various  ways.    We  can  benefit  by  the  purchase  of  Euro- 
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pean  drawings  and  follow  some  of  their  methods,  but 
these  will  eventually  be  given  up  as  unsuited  to  Ameri- 
can manufacture  and  use  and  replaced  by  designs  adapted 
to  our  conditions  and  requirements. 

One  of  the  industries  in  need  of  immediate  improve- 
ment along  modem  lines  is  the  great  Atlantic  and 
Pacific  fishing  fleets.  Both  fleets  cover  thousands  of 
miles  of  coast  line  of  vast  seas  and  gather  immense  har- 
vests of  fish  for  food  consumption.  These  fleets  consist 
of  thousands  upon  thousands  of  boats,  trawlers  and 
schooners,  the  greatest  aggregation  of  small-engine  ves- 
sels in  the  world,  operated  for  the  most  part  by  gasoline, 
whereas  they  should  be  operated  by  heavy  oils. 

We  are  now  approaching  another  field  of  development, 
due  to  the  expansion  of  our  waterway  or  canal  and  river 
system.  Recently  the  Government  purchased  a  large 
fleet  of  barges  for  the  New  York  State  Barge  Canal;  also 
a  large  fleet  for  the  Mississippi  River.  These  latter  pack- 
ets will  ply  the  Mississippi  and  be  equipped  with  a  com- 
plete power  handling  outfit  for  their  cargoes.  Unfortu- 
nately the  Government  prohibits  the  use  of  hot-bulb  sur- 
face ignition  oil  engines,  because  of  the  conveyances 
themselves  and  the  large  amount  of  cotton  handled  by 
them,  yet  misfiring,  or  the  exhaust  from  the  muffler  of  a 
gasoline  engine,  is  undoubtedly  more  to  be  feared  than 
any  part  of  an  oil  engine.  Hot-bulbs  cap  be  sufficiently 
water-jacketed  and  protected  by  hoods  to  eliminate  the 
danger  of  fire,  and  the  exhaust  will  be  free  from  all 
menace. 

Such  extensive  transportation  routes  as  rivers  and 
canals  offer  should  be  operated  by  engines  using  low- 
grade  fuels.  As  I  have  said,  this  is  one  of  our  basic  in- 
dustries, which  lends  itself  to  the  application  of  internal 
surface-combustion  engines,  because  of  the  relatively 
low  horsepower  required.  It  is  an  industry  which  re- 
quires outfitting  on  a  big  scale  and  both  manufacturers 
and  dealers  must  be  prepared  to  cater  promptly  to  all 
needs  and  demands.  It  can  only  be  handled  by  our  own 
people.  The  members  of  the  various  engineering  associ- 
ations should  take  energetic  action  to  start  the  proper 
development.  There  is  no  parallel  for  it  in  the  world. 
We  are  only  beginning  to  appreciate  the  immensity  of 
the  market  throughout  the  country,  and  when  the  facts 
are  better  known,  home  producers  of  hot-bulb  engines 
will  establish  shops  in  all  parts  of  the  country  to  secure 
their  share  of  the  business.     The  growth  and  develop- 
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ment  will  undoubtedly  be  rapid  and  it  is  absolutely  neces- 
sary that  many  of  us  take  hold  and  do  our  share. 

I  have  watched  with  interest  the  attempts  to  convert 
the  gasoline  engine  to  the  use  of  kerosene.  To  my  mind 
the  contrivances  described  as  additions  to  the  engine  will 
only  complicate  the  problem.  Without  going  into  tech- 
nical details  it  may  be  well  to  state  that  working  with 
conventional  devices  may  prove  partially  successful  for 
carbureting  kerosene,  but  existing  differences  in  boil- 
ing point,  temperature,  chemical  constituents,  heat, 
etc.,  inhibit  any  satisfactory  solution.  Commercial  suc- 
cess does  not  lie  that  way.  If  we  are  to  bum  kerosene 
and  cheaper  grades  of  oils  as  fuel  in  engines  for  launches, 
tractors,  motor  boats  and  farm  engines,  a  simpler  design 
must  be  brought  out,  free  from  the  valves,  traps  and 
contrivances  now  used  on  the  ordinary  gasoline  engine. 
We  must  cut  loose  from  the  conventions  and  traditions, 
and  strike  out  on  new  lines.  This  is  the  class  of  com- 
mercial work  needed  today  on  oil  engines. 

Nathaniel  B.  Wales: — ^What  we  as  engineers  most 
desire  to  produce  is  an  engine  which  will  operate  effi- 
ciently on  the  entire  range  of  fuels,  even  including  alco- 
hol, to  meet  the  paramount  fuel  problem  adequately. 

Let  me  suggest  then,  a  most  rational  and  logical 
means.  We  all  feel  assured  that  the  high-compression 
type  Diesel  engine  will  operate  on  non-volatile  and  base 
fuels;  we  also  know  with  equal  certainty  that  we  can 
operate  the  present  type  of  automotive  engine  at  high 
speeds,  combined  with  a  minimum  engine  weight  and 
low  initial  cost.  Let  us,  therefore,  endeavor  to  combine 
the  Diesel  and  Otto  cycles  within  a  single  engine  struc- 
ture, retaining  the  best  points  and  characteristics  of 
each,  building,  as  it  were,  "an  engine  within  an  engine," 
or  more  precisely,  a  minor  Diesel  engine,  the  sole  function 
of  which  with  its  small  2-in.  bore  cylinders  is  to  "pre- 
pare" the  fuels  in  gaseous  form  for  rapid  combustion  in 
the  major  cylinders.  The  two  cylinders  might  be  cast 
integrally,  looking  like  a  conventional  L-type  engine,  the 
Diesel  piston  performing  the  entire  valve  function  for 
the  major  cylinder.  This  preparation  of  the  fuel  for 
rapid  ignition  in  the  major  cylinders  would  be  brought 
about  by  introducing  a  wet  cold  mixture  of  air  and  fuel 
into  the  Diesel  cylinders  before  compression,  a  mixture 
in  which  the  air  content  is  insufficient  to  support  combus- 
tion of  more  than  a  fraction  of  the  hydrocarbon  mass  so 
introduced,  then  compressing  it  to  a  point  where  the 
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more  volatile  portions  of  the  fuel  preignite.  This  would 
take  place  just  before  the  top  dead  center,  or  at  a, crank 
angle  comparable  with  that  at  which  the  spark  now  oc- 
curs. This  partial  burning  of  the  mixture  would  gener- 
ate intense  heat  which,  plus  the  heat  of  final  compres- 
sion, would  throw  the  entire  fuel  mass  above  its  critical 
ignition  point,  but  from  the  lack  of  oxygen,  due  to  the 
limited  air  volume,  this  fuel  would  be  unable  to  complete 
its  oxidation. 

When  the  piston  reached  its  topmost  position  it  would 
register  by  a  slot  with  the  clearance  volume  of  the  major 
cylinder,  and  the  gas  now  above  its  critical  ignition 
point  would  be  released  to  the  major  cylinder  wherein  it 
would  complete  its  combustion,  burning  in  the  presence 
of  an  excess  of  oxygen. 

In  this  manner  the  main  cylinders  would  be  relieved  of 
high  compression,  and  weights  and  costs  would  be 
brought  down  to  compare  with  the  standard  automotive 
engine.  By  using  an  adjustable  cylinder-head  in  the 
small  2-in.  Diesel  cylinder  which  can  be  instantly  changed 
by  a  lever  comparable  to  the  spark-lever  on  the  steering- 
wheel,  the  compression  ratio  can  be  varied  for  the  fuel 
used  so  as  to  determine  the  point  of  preignition  in  the 
cylinder  and  attune  it  to  any  fuel.  By  the  ability  to 
change  the  compression  ratio  instantly,  the  wear  and 
changing  heat  levels  of  the  engine  can  be  compensated 
for. 
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PRESENT    POSITION    OF   THE    DIESEL 

ENGINE  AS  APPLIED  TO  MARINE 

SERVICE 

By  Thomas  Orchard  Lisle^ 

THE  ill  treatment  of  a  promisinfi:  type  of  cargo  car- 
rier, the  American  large  wooden  motor-auxUiary, 
has  been  most  unfortunate.  This  class  of  vessel  was 
unsuccessful  in  many  instances  for  the  following  rea- 
sons: 

(1)  Most  of  the  hulls  were  constructed  of  green 
timber  by  inexperienced  builders,  and  the 
hogging  and  warping  of  the  hulls  assisted  in 
causing  unreliability  in  their  machinery 

(2)  They  had  insufficient  canyas  to  make  profita- 
ble speed  under  sail  alone 

(3)  Their  auxiliary  power  was  insufficient  to  drive 
them  at  a  profitable  speed  without  the  sails 
and  a  favorable  breeze  and  sometimes  even 
with  all  these 

(4)  These  craft,  built  as  auxiliaries,  were  op- 
erated as  full-powered  ships,  which  resulted 
in  a  continual  forcing  of  the  engines  to  their 
limit  of  power,  and  tended  to  unreliability 

(5)  Inexperienced  engineers  were  placed  in  charge 
instead  of  men  sent  to  the  engine-builders' 
works  for  several  months  while  the  vessels 
and  engines  were  under  construction 

Many  of  these  vessels  have  a  load  displacement  of 
over  5000  tons,  yet  in  no  case  was  over  700  hp.  in- 
stalled. Such  vessels,  properly  built,  suitably  filled  with 
good  oil  engines  and  well  operated,  have  demonstrated 
conclusively  that  the  motor  auxiliary  can  more  than 
hold  its  own  against  the  coal-burning  or  oil-fired  full- 
powered  steel  steamships. 

A  short  statement  is  given  of  the  cargo  ships  built 
during  the  war  in  England,  Italy  and  the  United  States. 
The  general  policy  of  the  Shipping  Board  toward  cargo 
carriers,  the  placing  of  orders  in  foreign  countries  for 
engines  to  be  used  in  these  ships  and  the  wholesale  can- 
cellation of  these  orders  later  on,  are  criticized  adverse- 
ly. In  connection  with  the  solid-injection  Diesel  En- 
gines, the  British  firm  of  Doxford  &  Sons  is  building 
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some  standardized  11 V^ -knot  single-screw  motorships, 
each  fitted  with  a  four-cylinder,  two-cycle  type  Diesel 
engine  of  3000  i.hp.  at  77  r.p.m. 

This  engine,  which,  strictly  speaking,  is  not  a  true 
Diesel,  has  a  cylinder  output  of  750  i.hp.,  or  approxi- 
mately 500  b.hp.  It  will  bum  oils  of  0.96  specific  grav- 
ity and  containing  30  to  35  per  cent  of  asphaltic  mat- 
ter. Cammell-Laird  &  Co.  of  Birkenhead,  England,  are 
also  developing  a  new  opposed-piston  type  of  Diesel  en- 
gine, which  offeriB  great  possibilities.  Sulzer  Freres  of 
Winterthur  have  placed  in  service  two  six-cylinder,  two- 
cycle  type  Diesel  engines  of  4000  to  4500  b.hp.  each. 
These  are  stationary  engines,  one  in  France  and  the 
other  at  Harlan  &  Wolff's  drydock.  There  is  no  reason 
why  such  engines  cannot  now  be  built  for  marine  work. 
In  fact,  a  successful  six  or  eight-cylinder  Diesel  engine 
of  5000  b.hp.  (6500  i.hp.)  could  probably  be  built  to-day. 
An  order  for  a  triple-screw  liner  of  about  20,000  i.hp. 
or  a  twin-screw  freighter  of  13,000  i.hp.  could  be  placed 
with  confidence  by  the  Shipping  Board  or  a  shipowner 
with'  sufficient  courage  and  foresight.  The  freighter 
would  be  a  16-knot  ship  of  20,000  tons  capacity.  With 
drawings  and  assistance  from  abroad  the  engines  could 
be  built  in  the  United  States.  As  this  vessel  would  have 
a  fuel  consumption  of  only  43  tons  of  oil-fuel  per  24  hr. 
at  full  speed  and  would  not  need  more  than  twenty  men 
in  her  engine  room,  it  would  revolutionize  long-distance 
cargo  carrying.  None  of  the  motorships  now  contem- 
plated by  the  Shipping  Board  will  show  any  advance 
over  foreign  motorships  already  in  service.  If  the  fleet 
of  9800-ton  vessels  is  built,  we  shall  still  be  behind 
European  engineers  in  development  and  progress. 

Four  years  of  war  have  been  a  great  impediment  to 
extensive  adoption  of  the  merchant-type  of  marine  Die^ 
sel  heavy-oil  engine.  The  cry  was  ships,  ships,  and  more 
ships,  for  the  thousands  of  tons  of  merchandise  and  mu- 
nitions waiting  for  months  on  the  docks  of  the  world's 
ports.  The  entire  absence  of  customary  trade  competi- 
tion and  the  prevailing  high  freight  rates  made  it  un- 
necessary to  effect  economies  in  operation;  and,  as  the 
ships  of  all  nations  have  been  more  or  less  under  the 
control  of  the  various  governments,  only  the  more  pro- 
gressive shipowners  who  had  eyes  on  the  future,  evinced 
interest  in  motorship  construction.  In  Great  Britain 
the  demand  for  naval  vessels,  of  course,  retarded  mer- 
chant Diesel  engine  development,  but  some  oil-engined 
monitors  with  15-in.  guns  were  placed  in  service;  also 
some  large  and  small  merchant  motorships. 
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The  American  Wooden  Ship 

Again,  many  shipbuilders  of  neutral  countries  made 
slow  work  of  delivering  such  motorships  as  were  on  order 
with  them  because  of  the  great  difficulty  in  securing 
materials.  Nevertheless,  a  considerable  number  of  ocean- 
going motorships  were  laid  down  or  launched  in  Europe. 
In  our  own  country  a  new  type  of  merchant  ship  was 
developed  during  the  war  period,  namely,  the  large 
wooden  motor  auxiliary.  Unfortunately,  this  type  of 
vessel  was  unsuccessful  in  many  instances,  due  princi- 
pally to  the  following  reasons : 

(1)  Most  of  the  hulls  were  constructed  of  green  timber 
by  inexperienced  builders,  and  the  hogging  and 
warping  of  the  hulls  assisted  in  causing  unrelia- 
bility in  their  machinery 

(2)  They  had  insufficient  canvas  to  make  profitable 
speed  under  sail  alone 

(3)  Their  auxiliary  power  was  insufficient  to  drive  them 
at  a  profitable  speed  without  the  sails  and  a  favor- 
able breeze  and  sometimes  even  with  all  these 

(4)  These  craft,  built  as  auxiliaries,  were  operated  as 
full-powered  ships,  which  resulted  in  a  continual 
forcing  of  the  engines  to  their  limit  of  power,  and 
tended  to  unreliability 

(5)  Inexperienced  engineers  were  placed  in  charge  in- 
stead of  men  sent  to  the  engine-builders'  works  for 
several  months  while  the  vessels  and  engines  were 
under  construction 

It  should  be  borne  in  mind  that  many  of  these  ves- 
sels have  a  load  displacement  of  over  5000  tons,  yet  in 
no  case  was  over  700  hp.  installed.  Less  than  150  hp. 
per  1000  tons  is  not  of  much  use  as  a  propelling  means. 
Oil  engines  of  this  power  should  have  been  used  only 
when  entering  harbors,  or  as  an  aid  to  the  sails  during 
calms  or  adverse  winds,  but  they  have  been  used  as  a 
main  propulsion  medium  for  20  to  30  days  at  a  stretch, 
as  on  voyages  from  the  Pacific  coast  to  Australia. 

This  ill  treatment  of  a  promising  type  of  cargo  car- 
rier has  been  most  unfortunate,  since  instances  of  such 
vessels  properly  built,  properly  fitted  with  good  oil  en- 
gines and  properly  operated,  conclusively  demonstrate 
that  the  motor  auxiliary  can  more  than  hold  its  own 
against  the  coal-burning  or  oil-fired,  full-powered  steel 
steamships,  particularly  on  services  favored  with  trade 
winds. 
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Loaded 

Displace- 

Fuel Consumption 

ment, 

Power, 

for  24-hr.  Runninfl:, 

tons 

b.hp. 

bbl. 

2,000 

500 

14  to  16 

3,000 

700 

21  to  23 

4,000 

900 

24  to  28 

5,000 

1,100 

32  to  36 

However,  I  would  recommend  steel-built  hulls  for  this 
class  of  freighter.  If  the  auxiliary  power  is  to  be  used 
rather  constantly  at  sea,  I  would  advise  the  following 
powers : 

Average 

Loaded  Speed 

Without  Sails, 

knots 

7% 

8 

8% 
8% 

During  the  war  a  number  of  full-powered  wood  and 
steel  motorships  of  1000  to  4000  tons  were  built  in  this, 
country  and  fitted  with  Diesel  engines  of  domestic  de- 
sign or  construction.  Generally  speaking,  these  ships 
have  given  excellent  service,  although  some  are  by  no 
means  ideal  in  design.  Their  total  power  per  vessel 
is  up  to  1000  b.hp. 

As  regards  large  full-powered  steel  motorships, 
America  lost  a  splendid  opportunity  during  the  war  to 
construct  a  great  fleet  of  such  vessels,  as  at  the  present 
time  and  in  the  near  future  these  would  be  of  incalcu- 
lable value  to  the  nation.  This  was  not  done  because 
from  the  official  point  of  view  the  war  needs  were  too 
urgent  to  justify  experimenting  with  Diesel-engine 
power.  Another  experiment  was  adopted  instead,  namely, 
the  geared  turbine.  This  has  not  been  the  success  an- 
ticipated, and  judging  by  the  actual  results  obtained 
from  it  in  service,  the  building  of  motorships  would 
have  been  much  better,  both  for  meeting  the  emergency 
conditions  arising  from  the  war,  and  for  use  in  after- 
war  trade. 

Yet,  Italy  during  the  war  decided  to  build  Diesel- 
driven  motorships  for  her  emergency  merchant  fleet,  and 
one  yard  alone,  the  Ansaldo-San  Giorgio,  Ltd.  of  Spezia, 
arranged  to  launch  every  year  not  less  than  eighteen 
standardized  steel  motorships  of  8000  to  10,000  tons 
dead-weight  capacity. 

No  country  was  in  greater  need  of  cargo  ships  than 
Great  Britain,  yet  at  the  most  critical  period  of  the  sub- 
marine warfare  she  laid  down  and  launched  the  highest- 
powered  and  fastest  merchant  motorship  ever  built.  This 
was  the  Glenapp,  a  transport-freighter  of  470-ft.  length 
and  55-ft.  8-in.  beam,  with  a  speed  of  14  to  15  knots.  Her 
Diesel    engines    each    have    eight    cylinders,     760-mm. 
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(29.921-in.)  bore,  by  1100-mm.  (43.307-in.)  stroke,  and 
together  develop  6600  to  7000  i.hp.  at  110  to  125  r.p.m. 
on  the  four-stroke  cycle.  If  Great  Britain  could  experi- 
ment during  the  wrar,  wrhy  could  America  not  do  so?  An 
answer  is  not  easily  forthcoming. 

Another  large  four-cycle  Diesel-driven  British  motor- 
ship  placed  in  service  during  the  war  was  the  Santa 
Margherita,  a  vessel  of  11,000  tons  dead-weight  capacity, 
of  about  14,000  tons  load  displacement  and  of  2500  b.hp. 
at  180  r.p.m.  from  two  engines,  each  having  eight  cylin- 
ders, 20.7-in.  bore  by  33-in.  stroke. 

The  most  important  feature  of  these  particular  en- 
gines is  that  they  are  of  the  solid-injection  type,  and 
thus  dispense  with  compfessed-air  injection  of  fuel.  Their 
builders  were  Vickers,  Ltd.  of  Barrow,  who  have  had  con- 
siderable experience  with  solid  injection  in  connection 
with  high-powered  six,  eight  and  twelve-cylinder  sub- 
marine engines. 

A  New  Solid-Injection  Diesel  Engine 

In  connection  with  solid-injection  Diesel  engines,  the 
British  firm  of  Doxford  &  Sons  is  now  engaged  in  the 
most  radical  and  important  marine  oil  engine  develop- 
ment ever  attempted,  and  one  which  should  be  watched 
with  great  interest  by  all  engineers.  It  is  building  some 
standardized  liy2-knot  single-screw  motorships,  each 
fitted  with  a  four-cylinder,  two-cycle  type  Diesel  engine  of 
3000  i.hp.  at  77  r.p.m.  The  five  outstanding  features  of 
this  engine  are: 

(1)  Solid  injection  of  fuel 

(2)  Opposed-piston  type  of  engine 

(3)  Larger  output  per  cylinder  than  any  other  Diesel 
engines  under  construction  for  marine  work 

(4)  Lower  revolution-speed  than  any  other  design  of 
Diesel  engine 

(5)  Low  fuel  consumption  for  a  two-cycle  type  engine, 
this  being  guaranteed  at  0.42  lb.  per  shaft  hp.-hr. 

This  engine,  which  strictly  speaking  is  not  a  true 
Diesel,  has  a  cylinder  output  of  750  i.hp.,  or  approxi- 
mately 500  b.hp.  It  will  burn  oils  of  0.96  specific  gravity 
and  containing  30  to  35  per  cent  of  asphaltic  matter. 
Cammell-Laird  &  Co.  of  Birkenhead,  England,  are  also 
developing  a  new  opposed-piston  type  of  Diesel  engine 
which  offers  great  possibilities.  Sulzer  Freres  of  Win- 
terthur,  have  placed  in  service  two  six-cylinder,  two-cycle 
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type  Diesel  engines  of  4000  to  4500  b.hp.  each.  These 
are  stationary  engines,  one  in  France  and  the  other  at 
Harland  &  WolfTs  drydock.  There  is  no  reason  why 
such  engines  cannot  now  be  built  for  marine  work.  In 
fact,  it  is  my  opinion  that  a  successful  six  or  eight-cyl- 
inder Diesel  engine  of  5000  b.hp.  (6500  i.hp.)  could  be 
built  today.    An  order  for  a  triple-screw  liner  of  about 


A  Pair  of  American  750-Hp.  Diesel  Engines 

20,000  i.hp.  or  a  twin-screw  freighter  of  13,000  i.hp. 
could  be  placed  with  confidence  today  by  the  Shipping 
Board  or  a  shipowner  with  sufficient  courage  and  fore- 
sight. The  freighter  would  be  a  16-knot  ship  of  20,000 
tons  capacity.  With  drawings  and  assistance  from 
abroad  the  engines  could  be  built  in  the  United  States. 
As  this  vessel  would  have  a  fuel  consumption  of  only  48 
tons  of  oil-fuel  per  24  hr.  at  full  speed  and  would  not 
need  more  than  twenty  men  in  her  engine  room,  it  would 
revolutionize  long-distance  cargo  carrying.    The  advan- 
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tages  are  so  tremendous  that  the  United  States  Shipping 
Board  could  well  afford  to  order  at  least  one  vessel  now. 
In  fact,  it  is  rather  surprising  that  it  has  not  been 
ordered,  as  none  of  the  motorships  now  contemplated  by 
the  Shipping  Board  will  show  any  advance  over  foreign 
motorships  already  in  service,  so  if  the  fleet  of  9800-ton 
vessels  is  built,  we  shall  still  be  behind  European  en- 
gineers in  development  and  progress.  Surely  we  might 
make  at  least  one  attempt  to  go  a  stage  in  advance  of  our 
friends  across  the  sea. 

The  Shipping  Board  and  the  Motorship 

Toward  the  end  of  the  war  the  Shipping  Board  Emer- 
gency Fleet  Corporation  gave  some  attention  to  the  mo- 
torship, and  in  the  summer  of  1918  decided  to  build 
thirty-six  "submarine-evading"  cargo  ships  of  i»pecial  de- 
sign, each  of  5600  tons  capacity,  and  for  these  vessels 
ordered  fifty-two  Mcintosh  &  Seymour  Diesel  engines  and 
twenty  Skandia-Werkspoor  Diesel  engines,  all  of  750  to 
850  b.hp.  The  hulls  are  now  being  redesigned,  and  50 
per  cent  of  the  order  for  the  engines  has  been  cancelled. 
In  my  opinion  it  was  a  very  grave  mistake  on  the  part 
of  the  Emergency  Fleet  Corporation  officials  to  make  this 
large  cancellation  instead  of  changing  part  of  the  order 
to  Diesel  engines  of  at  least  double  power,  suitable  for 
fast  freighters  of  about  8000  to  10,000  tons  dead-weight 
capacity.  There  is  no  logical  excuse  for  this  cancellation 
because,  while  it  is  true  that  many  steam  engine  orders 
also  have  been  cancelled,  other  steam  sets  are  still  being 
completed  and  installed  in  cargo  vessels. 

Under  the  revised  shipbuilding  program  the  Shipping 
Board  proposes  to  build  some  9800  tons  capacity  twin- 
.  screw  motorships.  They  will  have  a  speed  of  13  knots 
and  4000  shaft  hp.  Orders  for  two  twin-screw  Diesel 
sets,  each  of.  4300  i.hp.,  have  already  been  placed  by  Mr. 
Hurley  with  Burmeister  &  Wain  of  Copenhagen,  Den- 
mark. There  are  rumors  to  the  effect  that  many,  if  not 
all,  of  the  engines  for  these  ships  will  be  of  one  design 
and  may  be  constructed  abroad  but  erected  in  the  United 
States.  Certainly  no  order  has  as  yet  been  placed  for  en- 
gines for  these  particular  ships  with  the  two  domestic 
firms  that  have  had  part  of  their  order  for  Diesel  en- 
gines cancelled.  One  may  with  reason  inquire  why  their 
orders  have  been  cancelled  when  engines  are  being  pur- 
chased abroad.     In  America  we  can  build  an  engine 
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equally  as  good  as  any  foreign  concern,  for  we  now  have 
the  very  latest  European  designs  and  technical  informa- 
tion. 

It  is  to  be  hoped  that  the  Shipping  Board  will  avoid 
making  the  mistake  of  "placing  all  its  eggs  in  one  bas- 


A    1400-Hp.    Dutch    Dibsbl    Engine 


ket/'  and  orders  for  these  engines  should  be  distributed 
throughout  the  shipbuilding  and  marine-engineering  in- 
dustry of  the  United  States.  At  the  present  time  there 
are  excellent  domestic  facilities  available  for  building 
successful  designs  of  marine  Diesel  engines  which  were 
closed  during  the  war,  and  I  understand  that  several  of 
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America's  oldest  and  largest  steel  shipbuilders  are  now 
ready  to  accept  such  orders. 

It  is  for  the  best  interest  of  the  nation  that  this  be 
done  without  further  delay  if  the  Government  is  to  follow 
up  its  widely  announced  intention  to  have  the  greateat 
mercantile  marine  in  existence.  If  we  should  abandon 
this  proposed  plan,  America  will  become  the  laughing 
stock  of  the  world.  A  successful  steam-propelled  fleet  is 
conceded  to  be  out  of  the  question;  therefore  the  Ship- 
ping Board  should  build  large  and  economical  oil-engined 
motorships  and  sell  them  at  reduced  cost  to  private  ship- 
ovniers. 

Outside  of  Great  Britain  the  largest  motorships  are 
now  being  built  in  Sweden,  Norway,  Holland,  Denmark 
and  Japan.  Some  of  those  under  construction  or  on  order 
in  Denmark  are  of  17,000  tons  displacement,  12,470  tons 
capacity,  6000  i.hp.  and  12^/2  knots  speed.  The  engines 
are  of  the  four-cycle  Diesel  type  and  each  will  have  six 
cylinders  of  740-mm.  bore  by  1150-mm.  stroke,  and  will 
develop  3000  i.hp.  at  115  r.p.m.  Two  engines  will  be 
installed  per  ship.  Some  of  these  vessels  may  be  made 
smaller  and  thus  have  their  speed  increased  to  15  knots. 

At  least  a  dozen  of  these  companies  have  done  very 
little  in  the  way  of  actual  commercial  construction,  but 
peace  conditions  now  clear  the  way  for  them.  '  Others 
have  done  a  little  work  and  then  suspended  or  aban- 
doned further  development.  Several  have  just  made  a 
start,  but  at  least  fifty  have  accomplished  considerable 
naval  or  mercantile  marine  Diesel-engine  construction. 
There  are  also  several  Japanese  companies  whose  names 
are  omitted.  Among  other  American  shipbuilding  com- 
panies likely  to  undertake  the  construction  of  Diesel  en- 
gines and  motorships  in  the  near  future  are  the  Ames 
Shipbuilding  &  Dry  Dock  Co.,  the  Skinner  &  Eddy  Cor- 
poration of  Seattle,  Wash.,  and  the  American  Shipbuild- 
ing Co.  of  Cleveland,  Ohio. 

The  two-cycle  Sulzer  and  the  four-cycle  Werkspoor 
engines  are  being  built  by  more  firms  than  any  other 
designs,  namely,  eleven  and  ten  companies  respectively. 
This  is  due  to  the  large  number  of  constructional  licenses 
which  both  companies  have  sold. 

In  addition  to  these  Diesel  engine  builders  there  are 
nearly  150  engineering  concerns  constructing  surface- 
ignition,  or  the  so-called  "semi-Diesel"  type  marine 
heavy-oil  engines,  practically  all  of  which  operate  on 
the  two-cycle  principle. 
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Performance  of  Early  Motorships 

In  conclusion  I  wish  to  call  your  attention  to  the  opera- 
tion of  the  first  two  ocean-going  Diesel-driven  full-pow- 
ered steel  motorships.  Although  both  were  experimental 
ships,  their  performance  has  been  better  than  that  of 
many  modern  steamships.  The  tanker  Vulcanus,  placed 
in  service  in  1910,  had  up  to  a  recent  date  logged  252,000 
nautical  miles  at  an  average  speed  of  7  knots  per  hr. 
As  she  is  only  of  1215  tons  dead-weight  capacity,  of  500 
b.hp.,  and  designed  for  a  maximum  speed  of  but  8  knots 
per  hr.,  this  is  a  splendid  showing  for  a  pioneer  motor- 
ship.  The  other  veteran  motorship  is  the  Selandia, 
placed  in  service  early  in  1912.  She  is  of  7500  tons 
capacity  and  2750  i.hp.,  with  a  designed  speed  of  10 V2 
to  11  knots  per  hr.  To  date  she  has  logged  327,737  nau- 
tical miles,  at  an  average  speed  of  10.47  knots.  During 
this  time  she  has  consumed  11,667  tons  of  fuel-oil  and 
59  tons  of  lubricating  oil.  Her  total  sea-time  was 
31,600  hr. 

Marine  Diesel  Engine  Builders 

Excluding  the  central  powers,  there  are  eighty-six  com- 
panies in  the  world  building  Diesel  engines.  Forty-two 
are  building  the  four-cycle  type;  thirty-three,  the  two- 
cycle  type,  and  eight,  both  types,  with  three  firms  un- 
certain. 


NAME 


Aken  Mek-Vaerksted 
NoraklMaskiiiindustri  Akticaelskab 


CITY 

NoTvxm 
Christiank 


Thunes  Mek- Vaerksted 
A/B  Bofore,  Gulbpang 


Christiania 
Karlskroga 


DESIGN      CYCLES 


Burmeister  k  Wain 

Salfer 
Werkspoor 


Sweden 

Nya  A  /B  Atlaa  Diesel  Motoren       8tockholm 
Gotaverken  Gothenburg 

A/B  Nobeb  Motorer  Stockholm 


Polar  2  and  4 

Burmeister  k  Wain       4 
Heaselman  2  and  4 


CookerillACo. 
CarelFreres 


Seraing 
Ghent 


BurmeiBter  A  Wain 
Careb 


Gio  Anaaldo  A  Co. 
Ansaldo  San  Giorgio 
Pavoia  Shipbuilding  Co. 
Franoo-Tosi.  Ltd. 
Ing.  P.  Kind  &  Co. 
Offidne  Insubri  Motori  A 
Constructioni  Meocaniche 


Italy 

Genoa 

Turin  and  Speiia 

Comif  liano  Ijgure 

Legnano 

Turin 

MiUn 


Sulser 

Fiat-San  Giorgio 

Sulxer 

Ton 

Kind 

ToaiorLangham 
A  Wolff 
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NAME 


CITY 


DESIGN      CYCLES 


Sohndder  A  Cie 

Cfaantiera  et  Atelien  de  Nuaire 

(Penhoet) 
Societo  des  Moteun  ChalaaBiera 
Thomiwon  Howton  Co. 
Fomt  ei  ChMt  en  de  U 

MeifiterreftDee 
Chantien  et  Augnstiii  Nonnaad 
Sooiete  et  Atelien  de  la  Loire 
Campagnie  de  Constniction 

Meeaoique  Prooedee  Sulaer 
'Wflvher  k  Richemond 
sDil^Mdin  et  Cie 
Stabilimenti  Delauney  Belleville 


Frmei 
Pane  and  Creueot 

ParaandSt.  Nanire 

StEtieone 

Paris 

LaHaTre 
Havre 

Nantes 

Paris 
Paris 
Lille 
St.  DenisonSebe 

IToOoiid 
Amsterdam 


Werkipor 

Sabatbe 

Tosi 

8«lier 

Nonnaad 

Loire 


Sand  4 

4 
Sand4 

4 

S 
4 
4 


Sulaer  S 

Werbpoor  4 

Werkspoor  4 

Delawiey-Belleville  4 


Werkspoor  Engineering  Works 

Werf  Gusto,  Finns  A.  F.  Snralden  Sebcidam 

Burmeister  A  Wain  Copenhagen 

Danish  Diesel  Motor  Works  Holeby 

Hera  Motorfabrik  Copenhagen 


Bethlehem  Steel  Co. 
IngersoU-Rand  Co. 
Rathbun-Jones  Enfpneering  Co. 
Sterling  Enpne  Co. 
Worthugton  Pump  A  Machinery 

Corpontion 
Atlas  Imperial  Gas  Engine  Co. 
Midwest  Engine  Co. 

Skandia-Padfie  Oil  Engine  Co. 
Dow  Pump  A  Diesel  Engine  Co. 
Wm.  Cramp  A  Sons  Ship  A  Engine 

Building  Co. 
Mcintosh  &  Seymour  Corpontion 
Fulton  Mfg.  Co 
Wmton  Enffine  Works 
Wisconsin  Motor  Mfg.  Co. 
Nordberg  Mfg.  Co. 
Busoh-SulserCo. 
New  York  Shipbuilding  Co. 
Newport  News  Shipbuildin  g  A  Dry 

Dock  Co. 
New  London  Ship  k  Engine  Co . 
Southwark  Foundry  k  Machine  Co. 
James  Craig  Engine  Works 
Gas  Engine  k  Power  Co. 
Manitowoc  Shipbuilding  Co. 


SuberFreres 


J^iane-e  Navy  Deoartment 
Kawasaki  Dockyard 


VnOtdSlaUt 

South  Bethlehem.  Pa. 
New  York.  N.  Y. 
Toledo.  Ohio 
Buffalo.  N.Y. 

Buffalo.  N.Y. 
Oakland.  Cal. 
Indianapolis.  Ind. 

Oakland.  Cal. 
Alameda.  CaL 

Philadelphia.  Pa. 
Auburn.  N.Y. 
Erie.  Pa. 
Cleveland,  Ohio 
Milwaukee.  Wis. 
Milwaukee.  Wis. 
St.  Louis.  Mo. 
Camden.  N.  J. 

Newport  News,  Va. 
Groton.Conn. 
Phikdelphia.  Pa. 
Jersey  City.  N.J. 
Morris  Hcnghts.  N.Y. 
Manitowoc,  Wis. 

SwitMtrland 
Winterthur 


Werkspoor 
Gusto 


Burmeister  A  Warn 

Holeby 

Hera 


West 

Prioe-Rathbiu 
Prioe-Rathbun 
Sterfinf-Junken 


Snow  4 

Atlas  4 
Werkspoor  and 

H^dwest  4 

Weikspoor  4 

WiUans-RobinsoB  4 

Buimeister  k  Wabi  4 

PoUr  4 

Fulton  a 

Wmton  4 

WlsconsbJunket  3 

Carols  2 
Sulser                 S  and  4 

Werkspoor  4 


Weriuqwor 
Nebeeo 

Southwark-Hanis 
Craig 


Sulser 


Japan 


Tbkyo 
Kiobe 


Sulaer 
Ansaldo-Fiat 


KokMnna  Blashinenfiabrik 

Nobel  Masehinenfabriko 
Soromow  En^neering  Wrks 


Sociedad 
Coi 


•lade 
Metalieas 


Golutwin 

IVjograd 
Sor  imow 

Spain 

Madrid  and  BUbao 


Sulser  and  Kobmna 

Sands 
Nobel  Sand  4 

Sober  4' 


Sober 
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Gtwi  Britain 

Cammell-Lurd  k  Co.  Birkenhead 

•North  Britiah  Diesel  Engine  Co.       Glasgow 
Cljrde  Shipbuilding  A'  Engineering 

Co.  GoTan,  Glasgow 

Harland  A  Wolff  Diesel  Department  Glasgow 
Wm.  Dozford  i  Sons  (Northumber-  ■ 

land  Shipbuilding  Co.,  Ltd.)  Siu.i^land 

Walbend  Slipway  Wallsend-on-TVne 

North  Eastern  Marine  Engineering 

Go.  Wallsend-on-Tyne 

JohnLThomyeroftACo.  London 

William  Denny  Bros.  A  Co.,  Ltd.      Dumbarton 
J.  Samuel  White  k  Co.  East  Cowee 

Vidcers  limited  Barrow-in-Fumen 

MirrleeStBiokerton  k  Day  Stookton-on-Tees 

Willans,  Robinson  k  Co  Rugby 

Yarrows  limited  Scotstown 

Fkir6eki  Shipbuilding  A  Engbeering 

Co.  PortGhsgow 

Seotts  Shipbuildmg  k  Engineering 

Ca  Greenock 

Alex.  Stephen  A  Sons  linthouae  Glasgow 

fir  W.  G.  Annrtrong  Whitworth  k 

Co.  Newoastle-on-Tyne 

Richardsons  Westgarth  Middlesbrough 

William  Beardmore  A  Co..  Ltd.         Dahnuir 

Swan,  Hunter  k  Wigham  Richard- 
sons,  Ltd.  Newcastle-on-Tyne 

Pafaners  Shipbuildmg  k  Engineer- 
ing Co.  JarroW'On-Tyne 

Barelay,  Cork  k  Co.  Glasgow 

Norris,  Nen^  k  Gardners.  Ltd.       Paticrof  t  . 

Union  Ship  Engmeering  Co.,  Ltd. 

Boston  k  Homsby 


Montrose 
lanooln 


FuUagar 


Carels  S 

Burmeister  k  Waia  4 

Junkers  2 
Solid-injeetion 


Werkspoor  4 

Carels  3 

Sulser  2 

White  MA.N.  2 

Viokers  4 

Mirrlees  4 

Willans  4 

M.A.N.  2 

M.A.N.  2 

Flat  2 


Armstrong- Whitworth 

2  and  4 
Carels  2 

BeardmoreandTosi      4 

Neptune  and  Polar       2 


Burmeister  &  Wain 
Gardner 

Nelseoo« 


Stationary  engines  only. 
>C)rigiDaUy  formed  to  buikl  Kru^p  engines. 

^Several  other  British  engineering  companies  also  built  the  Nebeoo  (Amerioanl 
marine  Diesel  engine  during  the  war. 
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MID- WEST  SECTION  PAPERS 

LUBRICATION  AND  FUEL  TESTS  ON 
BUDA  TRACTOR  TYPE  ENGINE 

By  P  J  Dasey^ 

THE  rapid  development  of  heavy-duty  trucks  and 
farm  tractors  has  made  it  necessary  for 
manufacturers  of  engines  used  in  such  automo- 
tive apparatus  to  face  problems  regarding  which 
there  is  no  past  experience  to  fall  back  upon. 
The  necessity  in  both  types  of  engine  for  max- 
imum strength  in  all  parts  carrying  excessive  loads 
constitutes  a  problem  of  great  importance,  but  in  ad- 
dition to  it  are  others  of  the  proper  utilization  of  fuels 
at  present  available,  lubrication  under  excessive  load 
conditions  over  long  periods  of  time;  and,  of  nearly  as 
much  importance,  the  relation  of  fuels  to  lubricants  and 
the  effect  of  fuels  upon  lubricants.  Moreover,  informa- 
tion is  to  be  acquired  regarding  the  value  of  prospec- 
tive fuels  as  power  producers,  the  effects  they  have 
upon  engines,  lubricants,  etc.,  comparisons  of  cost  and 
the  like.  The  tests  recorded  in  the  paper  were  made  in 
an  endeavor  to  ascertain  some  of  these  unknown  values. 

The  demand  for  heavy-duty  engines  of  the  four- 
cylinder,  four-cycle,  vertical  type,  especially  for  use  in 
farm  tractors,  has  made  it  necessary  to  alter  design 
with  the  idea  not  only  of  strengthening  such  parts  as 
are  under  maximum  load  conditions  during  practically 
all  of  the  operating  period  but  also  of  allowing  for 
adjustments  to  shaft  and  connecting-rod  bearings  with 
the  least  loss  of  time  and  effort. 

The  Buda  HTU  model  engine  illustrates  late  develop- 
ment in  medium  size,  four-cylinder  engines  produced  for 
use  in  farm  tractors  and  heavy-duty  trucks. 

In  exterior  appearance  it  differs  from  the  conventional 
type  only  in  the  detachable  head  and  split  oil-pan,  two 
features  that  are  highly  valuable  in  tractor  work  where 
the  excessively  heavy  duty  makes  it  necessary  that  ac- 


^Sales  and  research  engineer,  Buda  Co.,  Harvey,  111. 
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cess  to  cylinders,  valves  and  crank  bearings  be  easy  as 
well  as  rapid. 
The  general  dimensions  of  the  engine  are  as  follows: 

Type 4-cylinder,  vertical,  in  block  L-head,  4-cycle 

Bore 4hi  in. 

Stroke 5%  in. 

Approximate  weight,  with  regular  equipment. . .  .800  lb. 

Suspension Three-point 

Carbureter 1  ^  in.  vertical  outlet 

Lubrication Geared  pump  force-feed  system 

Cooling Centrifugal  water  pump 

Extreme  length  of  crankshaft 32  1/16  in. 

Height  from  center  of  crankshaft  to  top  of  water  outlet 
pipe 26%  in. 

Distance  from  center  of  crankshaft  to  bottom  of  en- 
gine   9  11/16  in. 

Distance  from  center  of  front  supporting  bracket  to 
center  of  rear  supporting  arm 34  3/16  in. 

Drop  of  supporting  arms  from  center  of  crankshaft  to 
top  of  frame 4  to  6  in. 

Drop  of  front  support  bracket 2%  or  3%  in. 

Length  of  rear  supporting  arm 25%  in. 

Length  of  engine  over  cyhnders 24%  in. 

Diameter  of  nywheel 17  in. 

Weight  of  truck  flywheel   76  lb. 

Weight  of  tractor  flywheel 115  lb. 

Face  of  flywheel 3%  in. 

Fljrwheel  regularly  furnished  for  multiple-disk  clutch. 

Diameter  and  length  of  front  bearing 2%  x  3%  in. 

Diameter  and  length  of  middle  bearing. . .  .2%  x  2%  in. 

Diameter  and  length  of  rear  bearing 2%  x  4  in. 

Diameter  and  length  of  connecting-rod  bearings, 

2%  X  2%  in. 

Connecting-rod  length  from  center  to  center. . .  .12%  in. 

Number  of  connecting-rod  bolts. 4 

Diameter  of  connecting-rod  bolts 7/16  in. 

Diameter  and  length  of  piston-pin  bearings . .  1  %  x  2%  in. 

Length  of  piston 5%  in. 

Effective  working  diameter  of  valves 1%  in. 

Piston  displacement 312  cu.  in. 

Internal  diameter  of  bell  housing  flange 16%  in. 

External  diameter  of  bell  housing  flange 17%  in. 

Diameter  of  bolt  circle 16%  in. 

Diameter  of  bolts %  in. 

The  split  oil-pan  is  a  feature  which  has  proved  highly 
valuable  in  practice,  as  it  permits  of  the  bearings  being 
examined  and  adjusted  without  the  necessity  of  remov- 
ing the  transmission  from  the  bell  housing. 

The  valve  timing  is  as  follows:  Inlet  opens  15  deg. 
past  top  center  and  closes  40  deg.  past  bottom  center, 
while  the  exhaust  opens  45  deg.  before  bottom  center  and 
closes  10  deg.  past  top  center. 

While  this  valve  setting  has  worked  out  well  in  prac-. 
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t.P.M. 
Horsepower  DEfVEix)PBD  at  Different  Speeds  by  Fovr  Fuels 

tice  it  has  not  by  any  means  been  determined  that  it  is 
the  most  efficient;  hence  further  experimentation  is  being 
carried  out  which  it  is  hoped  will  ultimately  determine 
what  change  if  any  is  necessary  in  the  timing  to  secure 
maximum  results  in  the  use  of  fuel  as  well  as  in  life  of 
valves. 

The  intake  valve  areas  have  been  designed  for  the  high 
velocity  of  the  ingoing  mixture.  At  600  r.p.m.  the  ve- 
locity is  6033  lineal  ft.  per  min.;  at  800  r.p.m.,  8044;  at 
1000  r.p.m.,  10,055,  and  at  1200  r.p.m.  12,066  lineal  ft. 
These  figures  are  based  on  calculation  only.  The  vacu- 
um readings  at  the  same  speeds  are  at  600  r.p.m.  0.45 
in.;  at  800  r.p.m.  0.80  in.;  at  1000  r.p.m.  1.25  in.,  and  at 
1200  r.p.m.  1.60  in. 

The  water-pump  is  of  the  ordinary  rotary  vane  type 
with  a  capacity  of  41/2  gal.  at  400  r.p.m. ;  8%  gal.  at  700 
r.p.m.;  11  gal.  at  900  r.p.m.,  and  14  gal.  at  1200  r.p.m. 

The  projected  area  of  the  wrist-pin  bearing  is  2.89 
sq.  in.  (1.125  in.  by  2.125  in.),  carrying  a  total  pressure 
of  2001  lb.,  or  approximately  837  lb.  per  sq.  in.  The 
projected  areas  of  the  main  bearings  are:  front  main 
bearing,  6.7  sq.  in.,  load  approximately  720  lb.  per  sq.  in. ; 
center  main  bearing,  6.18  sq.  in.,  load  approximately  780 
lb.  per  sq.  in.;  rear  main  bearing,  9.49  sq.  in.,  load  ap- 
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proximately  518  lb.  per  sq.  in.  Total  of  all  main  bear- 
ings— ^22.87  sq.  in.  with  an  average  pressure  of  672^ 
lb.  per  sq.  in.    Ratio  to  piston  displacement  18.6  to  1. 

The  connecting-rod  bearings  each  have  6.31  sq.  in.  with 
a  pressure  per  sq.  in.  of  908  lb. 

The  valves  have  semi-steel  heads  electrically  welded 
to  0.20  carbon,  7/16-in.  diameter  stems.  They  lift  6/16 
in.  and  have  1%-in.  diameter  in  the  clear.  The  cam- 
shaft, 1  in.  in  diameter,  and  cams  are  turned  out  of  solid 
bar,  cams  being  %  in.  wide.  There  are  three  bearings  of 
ample  proportions. 

The  crankshaft  is  made  of  0.46  carbon  open-hearth 
steel;  the  connecting-rods  of  0.26  carbon,  open-hearth 
steel. 

A  pressure  lubrication  system  is  used  which  forces  the 
lubricating  oil  to  all  crankshaft,  crank-pin,  wrist-pin  and 
camshaft  bearings,  the  pressure  ranging  from  0  to  30 
lb.  at  1000  r.p.nu 

The  pressure  is  furnished  by  a  gear  pump  mounted  on 
the  bottom  and  at  the  rear  end  of  the  oil-pan  and  driven 
by  spiral  gears  mounted  on  the  cam  and  pump  shafts. 
The  oil  is  carried  in  the  oil-pan  and  before  reaching  the 
pump  must  pass  through  a  bronze  wire  screen  mounted 
near  the  center  of  the  oil-pan,  after  which  it  enters  a  pas- 


A  Medium  Sizk  Four-Ctlinder  Bnoins  Rbcbntlt  Developed  for 
Farm  Tractors  and  Heavy-Dutt  Trucks 
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sage  leading  to  the  intake  side  of  the  pump.  From  there 
it  is  forced  up  a  passage-way  leading  to  a  tube  which 
runs  the  length  of  the  engine  and  from  which  passage- 
ways lead  to  the  main  and  camshaft  bearings.  From  the 
main  bearings  the  oil  is  fed  to  the  crank-pins  through 
holes  drilled  through  the  crankshaft  and  from  the  con- 
necting-rod bearings  to  the  wrist-pin  bearings,  through 
copper  tubes  clamped  to  the  sides  of  the  connecting-rods. 
The  cylinders  are  lubricated  by  the  oil  thrown  off  the 
connecting-rod  bearings  at  the  crank-pins,  while  the 
cams,  push-rods,  tappets  and  valve-stems  are  lubricated 
by  oil  thrown  by  the  cams  and  cranks  to  the  guides 
above. 

A  relief  valve  is  provided  in  the  main  oil  line  at  the 
front  of  the  engine  so  that  when  the  pressure  reaches 
the  point  at  which  the  spring  is  set  to  operate,  the  ball 
check  is  raised  and  the  oil  flows  into  the  front  gear-case, 
thus  furnishing  a  constant  supply  of  oil  to  the  gears.  To 
hold  a  constant  reservoir  of  the  oil  in  the  gear-case  a 
small  dam  is  cast  across  the  outlet  so  that  the  oil  level 
is  always  above  the  bottom  of  the  gear  mounted  on  the 
engine  shaft. 

Lubrication 

In  connection  with  the  work  already  accomplished  in 
the  designing  and  working  out  of  the  full  pressure  sys- 
tem described  considerable  work  has  been  done  to  de- 
termine what  kinds  of  oil  are  best  suited  for  use  in  this 
type  of  engine.  Internal-conibustion  engines  of  this  type 
have  two  major  conditions  in  lubrication  to  meet  at  the 
same  time  and  with  the  same  oil,  namely,  cylinder  lubri- 
cation under  high  heats  and  pressures,  and  lubrication 
of  crankshaft  and  connecting-rod  bearings  under  com- 
paratively little  heat  but  high  pressure.  The  lubricant 
must  have  the  necessary  body  and  viscosity  at  150  deg. 
fahr.  to  withstand  the  extreme  pressures  in  the  crank- 
pin  and  main  bearings  without  permitting  the  metal 
surfaces  to  come  in  contact;  also  its  viscosity  at  350  deg. 
fahr.  must  be  such  as  to  provide  a  perfect  piston  seal, 
and  to  bear  the  pressures  exerted  against  the  piston  and 
cylinder  walls,  under  very  high  heat  conditions,  with 
the  minimum  of  cracking  or  decomposition  of  the  oil. 
The  oil  must  not  only  have  these  characteristics  but 
must  be  fluid  at  reasonably  low  temperatures,  although 
for  pressure-feed  types  the  cold  test  is  not  so  important 
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as  far  as  feeding  the  lubricant  in  cold  weather  is  con- 
cerned. 

As  a  general  rule  oils  of  low  gravity  crack  under  lower 
temperatures  and  pressures  than  do  oils  of  higher 
gravities,  the  result  being  more  rapid  consumption  of 
the  oil,  partly  as  fuel,  partly  in  the  formation  of  carbon 
deposits  in  the  cylinders,  and  partly  in  the  increase  of 
the  heavy  tarry  ends  washed  down  into  the  reservoir.  The 
more  a  given  oil  decomposes,  the  less  its  value  as  a  lu- 
bricant becomes.  Some  of  the  heavier  vapors  condense 
and  are  washed  down  with  the  heavy  tarry  ends,  thus 
raising  the  gravity  (making  the  oil  lighter)  and  lower- 
ing the  flash  and  fire  points  to  a  considerable  degree. 
This  condition  makes  rapid  consumption  of  the  lubricant 
unavoidable  and  causes  considerable  difficulty  with  car- 
bon deposits  on  plugs,  cylinders,  pistons  and  rings.  If 
continued  in  use  for  any  great  time  the  crankcase  oil 
will  become  a  thick  tarry  mass,  too  heavy  to  circulate 
freely  and  dangerous  to  use. 


Power  Dsvelopkd  Per  Pound  op  Fuel 

The  lighter  gravity  oils  are  usually  subject  to  a  higher 
degree  of  evaporation  and  a  lesser  degree  of  cracking; 
hence  to  get  a  satisfactory  lubricant  that  will  serve  both 
cylinder  and  bearing  conditions  with  the  least  decompo- 
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sition,  maintaining  with  the  highest  flash  and  fire  points 
the  viscosity  from  which  the  best  average  results  can 
be  expected,  characteristics  have  been  tabulated. 

Oils  specified  for  summer  use  only  are  much  heavier 
in  body  than  those  specified  for  all-year  service,  and 
while  they  may  be  used  in  summer  only  because  of  their 
remaining  in  a  fluid  condition,  they  will  carbonize  more 
freely  than  the  lighter  oils.  They  are  more  viscous, 
however,  and  will  carry  the  loads  placed  upon  them  with 
less  wear  of  the  bearings  than  the  lighter  oils.  It  is  a 
matter  of  choice  which  oil  one  uses,  all  things  con- 
sidered. One  reason  for  not  using  heavy  oils  in  vanter 
is  that  they  become  very  thick  at  low  temperatures  and 
hold  the  pistons  so  tightly  that  considerable  power  is 
required  to  start  them. 

Gravities  do  not  play  an  important  part  in  the  selec- 
tion of  an  oil.  The  principal  points  to  judge  by  are  the 
flash  and  fire  points  and  the  viscosities  at  both  150 
and  350  deg.  fahr.  While  the  crankcase  oil  will  vary 
also  in  temperature  under  different  working  conditions, 
in  winter  and  summel*,  the  point  of  150  deg.  fahr.  has 
been  taken  as  a  basis  of  calculation,  while  850  deg.  fahr. 
more  nearly  approximates  the  condition  under  which  the 
oil  must  work  in  the  cylinders. 

Some  oils  show  high  viscosities  at  150  and  212  deg. 
fahr.,  but  at  350  deg.  fahr.  greatly  reduced  vis* 
cosity;  others  give  ordinary  readings  at  the  first  and 

Oil  Specifications 

Viscos-  Viscos- 
Flash         Fire         ityat     ityat 
Gravity,   Point,       Point,     212  deg.  350  deg. 
deg.,       deg.,         dee.,        fahr.,      fahr.. 
Oil  Baume     fahr.        fahr.         sec.         sec. 

"All-year  20-30    415-465    455-520      58-  85    36-40 

Heavy  summer.     22-29    470-530    530-600    100-125    40-45 


2The  cold  test  for  these  oils  is  preferably  20  to  25  deg.  fahr.  and 
should  not  exceed  32  deg. 


second  temperatures  and  drop  but  little  at  the  third. 

The  best  results  will  be  obtained  from  an  oil  that,  all 
other  things  being  equal,  shows  the  greatest  vis- 
cosity at  both  150  and  350  deg.  fahr.  In  other  words,  an 
oil  having  the  proper  cold  test,  flash  and  fire  points  and 
the  greatest    viscosity    at    150    and    350   deg.   fahr. 
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will  give  far  better  service  as  a  lubricant  under  heavy- 
duty  working  conditions  than  an  oil  as  good  in  all  other 
respects  but  with  a  relatively  low  viscosity  at  150  deg. 
fahr.,  although  the  latter  might  have  the  same  viscosity 
at  350  deg.  fahr.,  which  of  course  is  not  likely  to  happen. 

There  is  such  a  difference  in  oils  that  it  is  impossible 
to  tell  without  actual  tests  or  a  complete,  dependable 
table  of  characteristics,  including  viscosities  at  350  deg. 
fahr.y  just  which  kinds  will  best  serve  a  particular  pur- 
pose, but  the  day  is  coming  when  more  attention  will  be 
given  to  this  part  of  the  engine  business  and  a  means 
found  of  giving  the  needed  information  to  engine  owners. 

It  will  be  noted  that  in  the  specifications  tabulated 
there  is  considerable  leeway  in  all  characteristics  except 
the  viscosity  at  350  deg.  fahr.,  universal  Saybolt  viscosi- 
meter,  where  the  limits  are  rather  close.  The  oils  which 
come  within  these  limits  naturally  have  the  desired 
characteristics  at  the  lower  temperature,  and  flash  and 
fire  points;  hence  it  is  important  that  in  addition  to  the 
other  characteristics  the  viscosity  at  350  deg.  fahr.  and 
a  cold  test  be  obtained. 

These  data  are  based  on  the  requirements  of  an  engine 
of  the  type  described,  in  which  the  oil  is  used  for  lubri- 
cating all  bearings  as  well  as  the  cylinders,  and  should 
not  be  confounded  with  specifications  that  might  be 
deemed  desirable  for  an  oil  to  be  used  in  engines  of 
other  types.  It  was  because  of  the  excessively  heavy 
duty  this  type  of  engine  is  called  upon  to  perform  that 
investigation  of  the  oil  problem  was  made.  Considerable 
work  remains  to  be  done  in  this  connection. 
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Fuel  Tests 

While  the  engine  is  designed  primarily  for  the  use  of 
gasoline,  it  can  be  provided  with  a  low-compression  head 
so  that  those  desiring  to  use  kerosene  can  do  so  by  ap- 
plying the  additional  apparatus  adapted  to  the  handling 
of  that  fuel.  This  is  not  furnished  as  a  regular  part  of 
the  equipment. 

As  a  part  of  the  research  work  carried  on  in  connec- 
tion with  the  HTU  engine,  tests  were  made  of  cracked 
fuels  of  different  weights  to  determine  whether  it  wa& 
possible  to  use  such  fuels  in  an  engine  of  this  tjrpe,  de- 
signed and  equipped  for  the  use  of  gasoline.  The  re- 
sults are  given  in  Table  1.  The  plotted  curves  will  more 
readily  illustrate  the  results  obtained.  The  tests  were 
made  with  a  regular  Stromberg  carbureter  attached  to  a 
gasoline  manifold.  No  hot-air  stove  or  other  means  of 
heating  was  provided;  in  fact  it  was  the  regular  gaso- 
line equipment.  A  Sprague  electric  cradle  dynamometer 
was  used,  with  all  the  necessary  equipment  for  weighing 
the  fuel,  counting  the  revolutions,  timing,  taking  the 
temperature  of  water  inlet  and  outlet,  as  well  as  the 
oil  temperature  in  the  crankcase,  manifold,  vacuums,  etc. 

This  sheet  shows  the  horsepower  curves  of  all  five 
tests,  including  the  kerosene  test,  which  was  made  with 
a  low-compression  head  and  heated  manifold,  but  with- 
out hot  air  being  taken  through  the  carbureter.  This 
particular  test  was  made  only  for  horsepower  determina- 


FuBL  Consumption  in  Pounds  Per  Brake  Horsepower  Hour 
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tion  and  no  record  was  kept  of  fuel  consumption  per 
brake  horsepower  per  hour. 

The  accompanying  table  gives  the  relative  rank  of  the 
various  fuels  at  different  speeds. 

Speed,  r.p.m. 
Fuel  400    600    800    1000  1200 

Cracked  benzine  1  11  1  1 

Cracked   gasoline 2  8.2  2  2 

Synthetic   crude 3  2        3  4  4 

Ordinary  gasoline 4  4        4  3  8 

Ordinary  kerosene 5  5        5  5  5 

It  will  be  noted  that  ordinary  gasoline  produced  less 
power  than  any  one  of  the  three  cracked  fuels  at  all 
speeds,  except  at  1000  and  1200  r.p.m.,  at  which  point 
it  moved  into  third  place  as  a  power  producer,  synthetic 
crude  dropping  to  fourth  position. 

In  all  cases  the  cracked  benzine  and  the  cracked  gaso- 
line show  power-producing  quality  superior  to  that  of 
ordinary  gasoline  under  exactly  the  same  operating  coi^- 
ditions.  In  each  test  the  engine  was  speeded  up  to  1000 
r.p.m.  with  full  load,  at  which  point  the  carbureter  was 
adjusted  for  maximum  power,  after  which  the  test  was 
started  at  400  and  continued  up  to  1200  r.p.m.  with  no 
further  adjustments. 

It  is  but  fair  to  say  that  the  kerosene  test,  which  was 
made  with  a  low-compression  head,  about  10  lb.  lower 
than  that  of  the  other  head  used,  does  not  compare 
favorably  as  to  power  developed.  No  special  vaporizer  or 
heating  apparatus,  other  than  the  heated  intake  manifold, 
was  added,  and  a  regular  Stromberg  carbureter  was 
used,  as  in  the  other  tests.  It  was  not  to  be  expected 
that  the  showing  would  be  what  the  fuel  is  capable  of 
when  properly  handled.  The  power  curve  is  given  merely 
to  show  what  kerosene  will  do  in  the  engine  with  no 
special  treatment  other  than  the  heated  manifold  to  as- 
sist vaporization.  The  reasons,  outside  the  low-compres*, 
sion  head,  for  the  falling  off  of  power  in  the  kerosene 
test  are  the  loss  in  volumetric  efficiency  owing  to  the  use 
of  the  heated  manifold  and  the  slow  burning  of  only  a 
part  of  the  charge  owing  to  lack  of  complete  gasification. 

THE    DISCUSSION 

The  discussion  brought  out  the  fact  that  good  air 
cleaners  will  eliminate  much  repairing  and  many  worn- 
out  bearings,  and  that  the  chief  reason  for  making  the 
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tests  was  to  discover  what  was  happening  in  the  crank- 
case  to  cause  so  many  burned-out  bearings.  The  Buda 
service  men  were  requested  to  send  in  samples  of  the 
crankcase  oil  in  all  cases  of  engine  trouble,  and  in  these 
a  large  proportion  of  dirt  was  found. 

Mr.  Dasey  cited  one  instance  of  a  4^^  by  6-in.  engine 
which  was  used  in  a  5-ton  truck  and  in  which  six  sets 
of  bearings  had  been  burned  out  in  six  weeks.  The 
owner  of  the  truck  claimed  that  the  engine  was  defective, 
but  the  oil  showed  100  cc.  (6  oz.)  of  sand.  In  addition 
to  the  sand,  _%  in.  of  mud  was  found  on  the  bottom 
of  the  case  after  it  had  stood  over  night.  Further  in- 
vestigation proved  that  the  owner,  who  was  a  contractor, 
used  his  truck  for  hauling  crushed  stone.  It  was  a  5- 
ton  truck  but  hauled  8  tons  every  trip.  As  he  ran  his 
truck  onto  the  stone  crusher  and  dumped  the  stone  in, 
the  engine  took  in  all  the  dust.  The  oil  used  was  of  a 
grade  suitable  for  passenger  cars  in  summer  time. 

In  regard  to  the  synthetic  crude  fuel,  Mr.  Dasey  said 
it  would  make  an  ideal  fuel  for  tractors  when  properly 
handled,  and  for  engines  of  medium  or  low  speeds. 
Heavy-gravity  material  should  not  be  used  in  high-speed 
engines.  He  thought  it  would  be  possible  to  make  use 
of  the  synthetic  crude  in  passenger  car  engines. 
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THE  HIGH-COMPRESSION  OIL  ENGINE 
By  W  G  Gernandt* 

THE  ever-increasing  demand  for  highly  volatile  fuels 
and  constantly  decreasing  volatility,  constitute  a 
serious  problem.  Synthetic  fuels  have  been  suggested 
as  a  remedy,  but  these  require  a  change  in  carbure- 
tion  methods.  It  is  the  author's  conviction  that,  if  any 
redesigning  is  necessary,  this  should  embody  a  combus- 
tion method  by  which  any  of  the  existing  liquid  hydro- 
carbons can  be  utilized  and  further  change  of  method 
obviated,  if  a  new  fuel  should  later  be  developed. 

The  high-compression  engine  is  presented  as  a  solu- 
tion. Proof  is  offered  that  by  its  adoption  any  liquid 
hydrocarbon  fuel  can  be  utilized  under  any  temperature 
condition  and  a  real  saving  in  fuel  accomplished 
through  increased  thermal  eflSciency.  Sustained  effort 
should  be  made  along  these  lines  to  increase  thermal 
efficiency  and  provide  an  engine  of  adequate  power,  flex- 
ibility, ease  of  control  and  ability  to  operate  on  any  of 
the  fuels  obtainable  now  or  later. 

The  necessity  of  providing  suitable  means  to  bum 
the  heavier  oils  in  internal-combustion  engines  suc- 
cessfully is  being  slowly  but  surely  brought  home 
to  designers  and  builders  of  automotive  apparatus, 
and  the  time  seems  opportune  for  making  a  comparison 
of  the  various  methods  of  injecting  liquid  fuel  into  the 
combustion  chamber  of  an  engine,  with  a  view  to  im- 
pressing upon  engineers  the  need  of  using  the  high- 
compression  type  of  engine  for  the  proper  burning  of 
the  heavier  oils. 

To  really  show  the  advantage  of  high  compression,  it 
will  be  necessary  to  describe  in  detail  in  a  somewhat  semi- 
technical  way  the  cycle  of  events  taking  place  in  the  Otto, 
or  constant-volume  engine,  as  well  as  the  Diesel,  or  prac- 
tically constant-pressure  engine. 

Four-Stroke  Constant- Volume  or  Otto  Engine 

The  Inspiration  Line  AB  At  the  end  of  the  exhaust 
stroke,  E-F-A,  Fig.  1,  the  clearance  volume  Ve  is  filled 
with  burned  gases  under  a  pressure  of  Pe.    When  the 


"Vice-president  and  general  manager,  Gernandt  Motor  Coriwra- 
tlon,  Chicago.  111. 

726 


Digitized  by 


Google 


THE    HIGH-COMPRESSION    OIL   ENGINE  727 

piston  moves  on  its  inspiration  stroke  the  pressure  falls 
from  Pe  to  the  inspiration  pressure  Pi  along  a  curve  de- 
termined by  the  reexpansion  of  the  products  of  combus- 
tion remaining  in  the  combustion  chamber  at  the  time 
the  exhaust  valve  closed.  Only  after  the  reexpansion  will 
the  fresh  charge  be  drawn  into  the  cylinder.  It  is  thus 
seen  that  the  volumetric  efficiency  Ev  of  the  cylinder, 
which  equals  the  ratio  of  volume  of  fresh  charge  to  the 
volume  of  piston  displacement,  depends  directly  upon  the 
volume  and  pressure  of  the  burned  gases  remaining  in 
the  cylinder  or  combustion  chamber.  If  through  a  poor 
design  of  combustion  chamber,  too  small  an  exhaust  valve, 
faulty  valve-timing  or  a  restricted  exhaust  manifold,  the 
exhaust  pressure  should  remain  too  high,  the  effect  of  re- 
expansion before  actual  inspiration-  will  be  greatly  in- 
creased. However,  with  a  properly  designed  engine  this 
loss  in  volumetric  efficiency  will  be  low  and  depend  di- 
rectly upon  the  actual  volume  of  the  combustion  chamber. 
Another  factor  affecting  this  efficiency  is  the  inspira- 
tion pressure  Pi.  At  the  end  of  the  inspiration  stroke 
the  cylinder  contains  a  volume  of  gas  Vt  made  up  of 
products  of  combustion  and  a  fresh  charge  under  a  pres- 
sure of  Pi.  The  compression  stroke  raises  the  pressure 
of  this  gas  to  Po  at  a  volume  of  V^.  The  compression 
curve  BC  crosses  the  atmospheric  line  XX  at  G  when  the 
stroke  volume  is  only  Vsi  and  not  the  full  volume  V,. 
Hence,  the  volume  Vt  —  Vt*  represents  a  loss  in  volu- 
metric efficiency  which  is  greater  as  Pi  becomes  smaller. 
Therefore,  in  order  to  keep  this  efficiency  high,  inlet 
pipes  and  valves  should  be  of  such  size  as  to  reduce  the 
inspiration  friction  to  a  minimum,  thereby  keeping  the 
inspiration  pressure  as  close  to  the  atmospheric  line  as 
possible.  A  volumetric  efficiency  in  excess  of  100  per 
cent  could  be  obtained  if  it  were  possible  to  force  the 
charge  into  the  cylinder  at  a  greater  pressure  than  at- 
mospheric. It  is  well  to  note  also  in  this  regard  how  the 
carbureter  reduces  the  volumetric  efficiency:  (a)  To 
atomize  the  fuel  properly  it  is  necessary  to  choke  the  air 
at  the  spray  nozzle  so  as  to  increase  the  gas  velocity  at 
this  point.  This  causes  an  increased  friction,  thereby 
decreasing  the  value  of  Ev  (b)  With  the  present  low 
grade  of  fuel  it  is  necessary  to  add  heat  to  the  intake 
air  to  increase  the  atomization  of  the  fuel.  This  is  done 
by  drawing  the  air  supply  from  a  jacket  surrounding  the 
exhaust  pipe.  Naturally  the  value  of  Ev  is  reduced  be- 
cause of  the  reduced  weight  of  the  charge  and  the  in- 
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creased  friction  in  inlet  pipe,  (e)  At  reduced  speeds  and 
powers  the  throttle-valve  of  the  carbureter  is  partly 
closed,  causing  increased  friction  and  a  reduction  of  the 
inspiration  pressure  P<.  Thus,  it  is  seen  that  the  value 
of  Ev  is  reduced  by  an  increase  of  compression  space, 
the  use  of  a  carbureter  and  the  necessity  of  using  heat 
to  atomize  properly  the  poor  grade  of  fuel  now  on  hand. 

The  Covvpression  Line  BC  The  compression  line  ihay 
be  taken  to  follow  the  general  law  of  pv*  =  constant. 
In  other  words,  the  pressure  is  increased  in  a  certain 
proportion  to  the  decrease  in  volume,  depending  upon 
the  kind  of  gas  compressed,  the  temperature  of  the  gas  at 
the  beginning  of  compression  and  the  amount  of  heat 
given  to  or  taken  from  the  cylinder  walls.  For  air  the 
value  of  n  is  1.41,  but  for  a  mixture  of  fuel  and  air  it 
varies  from  1.80  to  1.38,  with  a  good  average  for  actual 
conditions  of  1.35.  As  the  thermal  efficiency  of  an  en- 
gine increases  slightly  with  an  increase  in  the  value  of 
n,  it  is  seen  that  in  compressing  pure  air  a  decided  ad- 
vantage would  be  gained. 

It  has  been  proved  that  the  thermal  efficiency  of  an 
engine  depends  upon  the  pressure  at  the  end  of  compres- 
sion. The  higher  this  pressure  the  higher  the  efficiency 
and,  consequently,  the  greater  the  fuel  economy.  In  a 
constant-volume,  or  Otto  engine,  the  explosive  mixture 
is  compressed  in  the  combustion  chamber;  therefore, 
the  limit  of  compression  pressure  is  the  preignition  point 
of  the  mixture.  For  gasoline  the  compression  pressure 
can  be  safely  carried  to  100  lb.  per  sq.  in.,  while  for 
kerosene  the  pressure  must  be  reduced  to  about  65  lb., 
showing  not  only  a  loss  in  thermal  efficiency,  but  a  loss 
in  power  output  as  well  when  using  kerosene  for  fuel 
in  this  type  of  engine. 

The  Combustion  Line  CD  The  shape  of  this  line  d^ 
pends  upon  the  composition  of  the  fuel  mixture,  the  point 
of  ignition  and  the  piston  speed,  presupposing  a  properly 
designed  combustion  chamber.  The  fuel  mixture  com- 
position depends  upon  the  kind  of  fuel  used^  and  the 
proper  commingling  of  the  fuel  and  air.  This  com- 
mingling is  the  function  of  the  carbureter  and  upon  its 
proper  adjustment  depends  the  explosibility  of  the  charge. 
A  too  rich  or  too  weak  mixture  causes  the  burning  to  lag 
and  the  maximum  pressure  obtainable  from  the  fuel  will 
be  greatly  reduced.  The  point  of  ignition  plays  an  im- 
portant part  in  the  shape  of  the  combustion  line  in  that 
should  the  ignition  be  late,  not  only  is  the  maximum 
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pressure  in  the  combustion  chamber  reduced  but  instead 
of  the  combustion  line  being  vertical  it  will  fall  away  as 
shown  in  the  dotted  line  in  Fig.  1.  If  the  ignition  be  too 
early,  the  pressure  rise  will  occur  before  the  piston  has 
reached  its  dead  center  on  the  compression  stroke,  and 
a  decided  loss  in  power  and  economy  and  a  great  strain 
on  the  crank  bearings  will  result.  It  is  therefore  essen- 
tial to  have  ignition  occur  at  the  proper  point.    Piston 
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speed  also  affects  the  combustion  line  in  that  with  an 
increase  in  speed  the  combustion  must  take  place  at  a 
greater  rate  and  therefore  the  ignition  point  must  be  ad- 
vanced to  maintain  maximum  power  and  economy  condi- 
tions. 

The  Expansion  Line  DE  The  expansion  line,  like  the 
compression  line,  follows  the  general  law  of  jw*  = 
constant,  but  the  value  of  n  is  approximately  1.38  be- 
cause the  burned  gas  resembles  air  more  closely  than 
does  the  mixture  during  compression.    As  in  the  corn- 
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bustion  line,  the  quality  of  mixture,  time  of  ignition  and 
piston  speed  have  a  great  bearing  upon  the  expansion 
line.  However,  other  conditions  such  as  cooling  and 
length  of  stroke  also  play  a  part  in  the  power  output  and 
fuel  economy,  but  with  proper  design  they  are  of  less 
importance. 

The  Exhaust  Line  EFA  This  line  is  dependent  upon 
the  size  of  the  exhaust  ports  and  the  exhaust  valve-tim- 
ing. It  is  absolutely  essential  to  allow  for  the  most 
rapid  drop  in  exhaust  pressure  to  atmospheric  to  insure 
the  lowest  possible  value  for  Pe,  thereby  increasing  the 
volumetric  efficiency,  as  shown  under  the  inspiration  line. 

The  requirements  for  best  efficiency  of  combustion  and 
expansion  have  been  stated  briefly,  but  in  greater  detail 
they  are  as  follows : 

(1)  Highest   possible   compression   before   ignition.     The 
effect  of  this  is 
Reduced  combustion  chamber  with  a  reduced  admix- 
ture of  products  of  combustion 
Liess  heat  loss  to  water-jacket  because  of  reduced 

combustion  chamber 
Greater  mean  effective  pressure  for  the  power  stroke 
Lower  terminal  or  exhaust  pressure  and  exhaust  loss 
Greater  ease  of  ifi^nition  of  the  charge 
*  (2)  Pure  uniform  mixture  and  rapid  combustion  to  avoid 
after-burning  with  a  consequent  loss  to  the  water- 
jacket 

(3)  Proper  piston  speed  and  bore-stroke  ratio  to  keep  the 

jacket  loss  as  low  as  possible 

(4)  Reduction  of  inlet  and  exhaust  friction  to  the  utmost 
(6)  Proper  valve-timing 

The  Diesel  or  High-Compression  Engine 

The  Inspiration  Line  AB  As  in  the  constant-volume 
cycle  there  remain  in  the  combustion  chamber  products 
of  combustion  at  a  pressure  of  Pe,  and  this  gas  must 
be  reexpanded  before  inspiration  can  take  place.  How- 
ever, it  will  be  noticed  that  this  reexpansion  takes  place 
at  a  more  rapid  rate,  as  the  volume  of  combustion  cham- 
ber is  greatly  reduced  because  of  the  greater  compression 
required  for  this  type  of  combustion. 

The  next  point  to  be  considered  is  the  inspiration  pres- 
sure Pi,  In  this  case  the  same  conditions  govern  the 
value  of  Pi  as  in  the  constant-volume  engine,  with  the 
exception  that  pure  air  is  drawn  into  the  cylinder  in- 
stead of  a  mixture  of  fuel  and  air  formed  by  the  car- 
bureter.    It  is  instantly  seen  that  in  eliminating  the 
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carbureter  the  suction  friction  is  reduced,  the  tempera- 
ture of  the  air  is  not  increased  and  the  throttle  friction 
at  decreased  speeds  and  powers  is  entirely  eliminated, 
because  engine  control  is  produced  by  varying  the  amount 
of  fuel   supplied  during  combustion.     Therefore,  pre- 
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Fia.   2 — ^P-V  Diagram  por  Dibskl  Bnoinb 
The  Shaded   Area  Indicates  Work  Done 


supposing  equal-sized  valves  in  both  cases,  the  value  of 
P«  will  more  nearly  equal  atmospheric  pressure  in  the 
case  of  the  constant-pressure  engine,  as  shown  in  Fig.  4. 

The  Compression  Line  BC  The  compression  line  fol- 
lows the  same  general  law  as  in  the  constant-volume  en- 
gine (pv*  =  constant),  but  the  value  of  n  reaches  1.41, 
which  allows  for  a  slightly  increased  thermal  efficiency. 

As  pure  air  is  compressed,  preignition  is  not  the  limit- 
ing factor  in  determining  the  compression  pressures, 
and  pressures  as  high  as  600  lb.  per  sq.  in.  can  be  used. 
However,  as  this  great  pressure  causes  an  increase  in 
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the  weight  of  the  various  parts  out  of  proportion  to  the 
gain  in  thermal  efficiency,  500  lb.  is  considered  a  good 
limit  of  compression  for  this  type  of  engine.  Thus  the 
main  point  in  increased  thermal  efficiency  has  been 
gained  without  restriction  as  to  fuel  used  or  preignition. 

The  -Combustion  Line  CD  Aside  from  the  high-com- 
pression feature,  the  combustion  line  differs  considerably 
from  the  constant-volume  engine  and  requires  further 
attention.  Instead  of  igniting  a  mixture  of  fuel  and  air 
electrically  with  an  attendant  sudden  rise  in  pressure, 
the  fuel  is  injected  into  an  atmosphere  of  highly  ccmii- 
pressed  and  heated  air  when  the  piston  reaches  the  up- 
per dead-center,  causing  the  fuel  to  be  burned  in  sus- 
pension, or  as  it  enters  the  air.  This  method  of  burning 
causes  a  slight  rise  or  reduction  in  pressure  during  coin- 
bustion,  depending  upon  the  rate  of  injection  and  the 
thoroughness  of  the  atomization.  While  it  is  not  possible 
to  increase  the  combustion  pressure  in  as  great  a  ratio 
as  in  constant-volume  combustion,  considerable  increase 
can  be  obtained  depending  upon  the  method  of  injecting 
the  fuel.  If  the  injection  is  relatively  slow  and  takes 
place  over  a  considerable  portion  of  the  power  stroke, 
the  pressure  will  drop.  As  the  injection  rate  is  increased 
the  pressure  drop  decreases  until  a  rate  is  reached  where 
a  decided  increase  in  pressure  during  combustion  is 
noted.  The  various  methods  used  to  inject  fuel  into  the 
combustion  chamber  will  be  described  in  detail  later,     i 

The  Expansion  Line  DE  As  in  the  case  of  the  con- 
stant-volume engine,  the  expansion  line  follows  the  gen- 
eral law  jw"  =  constant,  with  the  value  of  n  equaling 
approximately  1.38  as  in  the  previous  case.  However, 
due  to  the  high  pressure  attained  during  compression, 
the  rate  of  expansion  is  greater  in  this  case  and  there- 
fore the  pressure  in  the  cylinder  at  the  time  the  exhaust 
valve  opens  is  lower.  The  effect  of  this  is  to  reduce  the 
temperature  and  consequently  the  heat  loss  during  ex- 
haust.   This  means  an  increase  in  thermal  efficiency. 

The  Exhaust  Line  EFA  This  line  is  similar  to  the  ex- 
haust line  in  a  constant-volume  engine,  but  as  the  pres- 
sure and  temperature  at  the  time  of  exhaust-valve  open- 
ing are  lower,  there  is  a  slight  difference  in  the  value  of 
Pe.  However,  in  actual  practice  the  difference  is  so 
slight  that  it  is  very  difficult  to  measure  its  value. 

From  the  foregoing  it  is  seen  that  the  high-compres- 
sion tjrpe  of  internal-combustion  engine  more  nearly  ap- 
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Piston  DiBplacom^nf ^^ 

I  |< 'Total  V0/um9  for  Diesel  Cuc/e p\ 

\^ Total  VbJume  for  Otto  C(^cie ->| 

FlO.     8 — COMPARATIVB     P-V     DIAGRAMS     POR     A     4     BY     6-IN.     BNQINB 

Operatinq  on  ths  Otto  Ctclb  and  thb  Dibsel.  Principlb 


proaches  the  requirements  for  best  efficiency  enumerated 
before  than  does  the  constant-volume  engine. 

Comparative  Diagrabis 

A  comparison  of  pressure-volume  diagrams  computed 
for  a  4  by  6-in.  engine,  Fig.  3,  will  bring  out  more  clearly 
the  actual  differences  in  the  two  types  of  engine.  In  com- 
puting these  diagrams  the  following  assumptions  were 
made  to  make  comparison  under  identical  conditions: 

(1)  Compression  pressures — Otto,  108  lb.;  Diesel,  500  lb. 

(2)  Ignition  pressure — Otto,  400  lb.;  Diesel,  600  lb. 

(3)  Value  of  n,  1.35  for  bol^  compression  curves 

(4)  Value  of  n,  1.38  for  both  expansion  curves 

(5)  That  ignition  took  place  instantaneously  in  the  case 

of  the  Otto  eneine  and  that  ignition  took  place  for 
15  deg.  of  crank  travel  in  the  Diesel  engine,  expan- 
sion l^ginning  immediately  at  the  end  of  combustion 

(6)  That  the  exhaust  valves  opened  when  the  piston  was 

%  in.  from  the  lower  dead-center 

Aside  from  the  difference  in  shape  of  the  two  diagrams 
it  is  well  to  note  the  actual  difference  in  total  cylinder 
volume  between  the  two  types  of  engine.  The  distance 
from  the  ignition  line  to  the  line  marked  "clearance 
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line"  is  the  actual  volume  of  burned  gas  remaining  in  f&# 
combustion  chamber,  and  it  is  this  volume  of  gaS  tha^ 
must  be  reexpanded  before  inspiration  of  the  chafji^ 
can  take  place.  Thus  it  is  instantly  seen  that  the  volu- 
metric efficiency  which  depends  directly  upon  this  vol- 
ume is  greater  in  the  case  of  the  Diesel  engine.  The 
actual  result  of  this  can  be  seen  in  Fig.  4.  Also,  because 
of  this  difference  in  volume,  there  is  less  heat  loss  to 
the  cooling  water  from  the  combustion  chamber  in  the 
Diesel  than  in  the  Otto  engine. 

In  the  cade  illustrated  the  length  of  the  diagram  i^ 
6  in.,  the  pressure  scale  is  100  lb.  per  in.  in  height,  tbe 
area  of  the  Otto  diagram  is  5.16  sq.  in.,  and  the  area  of 
the  Diesel  diagram  is  4.94  sq.  in.  This  gives  86  lb.  per' 
sq.  in.  as  the  mean  effective  pressure  for  the  Otto  and  82 
lb.  per  sq.  in.  for  the  Diesel  engine,  showing  that  more 
power  is  actually  developed  by  the  Otto  than  by  the 
Diesel  engine  per  square  inch  of  piston  area.  However, 
as  the  efficiency  of  the  Diesel  is  superior  to  that  of  the 
Otto  engine,  it  will  develop  more  horsepower  per  pound 
of  fuel  burned.  Again,  the  rate  and  method  of  fuel  in- 
jection can  be  altered  so  as  to  cause  the  combustion  pres- 
sure to  be  increased  considerably  over  the  compression 
pressure,  in  which  case  the  area  of  the  diagram  and  con- 
sequently the  horsepower  developed  would  be  increased 
beyond  that  shown  by  the  Otto  engine.  Thus,  we  can 
expect,  with  proper  fuel  injection,  equal  or  greater  pow- 
ers compared  with  the  Otto  engine  of  the  same  bore  and 
stroke. 

Another  point  well  worth  mentioning  again  is  the  dif- 
ference in  pressure  at  the  time  the  exhaust-valve  opens. 
In  the  case  illustrated  the  difference  is  actually  10  lb. 
This  means  that  more  heat  has  been  abstracted  from  the 
fuel  for  actual  power  purposes  and  less  heat  given  to 
the  exhaust,  with  a  net  result  of  increased  thermal  ef- 
ficiency. 

Diesel  Method  of  Injection 

In  the  Diesel  engine  the  fuel  is  injected  into  the  com- 
bustion chamber  by  compressed  air  at  a  pressure  ranging 
from  700  to  1000  lb.  per  sq.  in.  To  accomplish  this  it  is 
necessary  to  provide  a  fuel  pump,  a  two  or  three-stage 
air-compressor,  a  compressed-air  tank  and  an  air-injec- 
tion tank  or  bottle.  The  fuel  pump  is  designed  so  that 
it  delivers  a  measured  quantity  of  fuel  to  the  injection 
valve,  the  actual  amount  of  fuel  being  regulated  by  a 
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Fia.    4 — The   Relation   op  the   Inspiration   Pressures   to   Each 
Other  and  to  Atmospheric  Pressure 

governor  according  to  the  load  on  the  engine.  As  the 
fuel-injection  valve  is  always  under  the  injection  air- 
pressure,  it  is  necessary  for  this  pressure  to  be  overcome 
before  any  fuel  reaches  the  valve.  Therefore,  the  fuel 
pump  must  be  capable  of  maintaining  a  pressure  of  800 
to  1200  lb.  per  sq.  in.  upon  the  fuel  during  the  delivery 
period.  The  air-compressor  is  so  designed  that  cold  air 
at  a  pressure  of  700  to  1000  lb.  is  delivered  to  the  injec- 
tion-air tank.  This  necessitates  the  use  of  a  cooler  be- 
tween each  stage  of  compression,  and  one  between  the 
last  stage  and  the  tank.  The  use  of  the  tank  is  for 
starting  purposes. 

As  the  inspiration  and  compression  strokes  are  com- 
mon to  all  types  of  engines  and  the  method  of  injection 
is  the  main  feature  under  discussion,  a  detailed  descrip- 
tion of  the  injection  and  combustion  period  will  be  of 
great  interest.  During  the  inspiration  stroke,  a  -meas- 
ured quantity  of  fuel  is  delivered  near  the  bottom  of  the 
fuel  injector  just  above  the  needle-valve  or  spray-noz- 
zle. When  the  needier-valve  is  opened,  the  injection  air, 
which  in  all  cases  is  well  above  the  compression  pressure, 
is  forced  against  the  fuel,  atomizes  it  and  forces  it  into 
the  cylinder.  One  point  worthy  of  note  is  the  fact  that 
the  action  of  the  injection  air  thoroughly  atomizes  the 
fuel  prior  to  injection,  and  upon  this  atomization  depends 
the  combustion  efficiency  of  the  cycle.  The  amount  of 
fuel,  as  before  stated,  is  regulated  by  the  fuel  pump  and 
goyernor.  The  duration  of  injection  or  combustion  is 
also  regulated  according  to  the  load  on  the  engine.  For 
light  loads  the  injection  valve  remains  open  a  shorter 
period  than  for  heavy  loads.  Aside  from  the  advantage 
of  thorough  atomization  there  is  one  great  objection  to 
this  method  of  injection,  namely,  refrigeration  during 
injection.  As  the  compression  pressure  is  about  500  lb. 
and  the  injection  pressure  between  700  and  1000  lb., 
there  will  be  a  very  rapid  expansion  of  the  injection  air 
from  the  maximum  to  the  compression  pressure.  This 
rapid  expansion  causes  a  great  reduction  in  the  tempera- 
ture of  the  injection  air  and  fuel,  just  as  rapid  compres- 
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sion  causes  an  increase  in  the  temperature.  The  effect 
of  this  sudden  reduction  of  temperature  causes  a  time 
lag  in  the  combustion,  because  cold  fuel  is  difficult  to 
ignite,  as  well  as  the  collection  of  small  particles  of  fuel 
on  the  piston,  at  which  point  local  burning  occurs.  The 
result  of  this  is  an  invariable  sag  of  the  piston  head  due 
to  excessive  local  temperature.  Were  it  possible  to  use 
highly  heated  air  for  injection,  this  refrigeration  would 
to  a  great  extent  be  overcome.  However,  with  the  Diesel 
method  of  injection,  combustion  would  take  place  at  the 
injection  valve  prior  to  the  injection  period.  It  is  well  to 
note  .that  in  the  Diesel  engine  the  fuel  injection  is  in 
mechanically  timed  relation  to  the  piston  position,  but 
as  the  injection  and  compression  pressures  are  always 
constant,  the  rate  of  injection  is  also  constant,  which 
limits  the  engine's  flexibility. 

Sunmiarizing  the  advantages  and  disadvantages  of  the 
Diesel  method  of  injection,  they  are  as  follows: 

ADVANTAGES 

(1)  Fuel  injection  mechanically  timed 

(2)  Fuel  thoroughly  atomized  prior  to  injection 

(3)  Widely  different  fuels  can  be  used  without  alteration 

(4)  Rate  of  burning  controlled  mechanically 

(5)  Two-stroke  principle  can  be  used  successfully 

DISADVANTAGES 

(1)  Refrigeration  during  injection, 

(2)  Reduced  flexibility 

(3)  Use  of  a  high-pressure  fuel  pump 

(4)  Use  of  an  air-compressor,  coolers  and  tanks 

(5)  Troublesome  to  start 

HviD  Method  of  Injection 

In  the  Hvid  engine  the  fuel  is  injected  into  the  com- 
bustion chamber  by  a  pressure  rise  in  the  fuel  cup,  caused 
by  the  explosion  of  part  of  the  fuel  charge,  and  the  op^ 
oration  takes  place  as  follows:  During  the  inspiration 
stroke  of  the  piston,  fuel  and  air  are  drawn  into  the  fuel 
cup  through  mechanically  timed  valves,  simultaneously 
with  the  filling  of  the  cylinder  with  pure  air  through 
the  main  inlet-valve.  On  the  compression  stroke  the  fuel 
and  air  in  the  cup  become  heated  to  such  a  point  that 
combustion  of  the  lighter  or  more  volatile  particles  of 
the  fuel  takes  place.  This  causes  a  sudden  rise  in  the 
pressure  within  the  fuel  cup  above  that  in  the  main 
combustion  chamber,  with  the  result  that  the  fuel  is 
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atomized  and  forced  into  the  highly  heated  air  in  the 
cylinder.  The  fuel  is  burned  in  suspension  or  directly 
as  it  enters  the  heated  air,  causing  a  slight  rise  in  pres- 
sure within  the  cylinder.  From  this  point  on  the  expan- 
sion and  exhaust  strokes  are  identical  with  those  of  any 
internal-combustion  engine. 

As  in  the  Diesel  engine,  the  amount  of  fuel  admitted 
to  the  cylinder  is  governed  by  the  load  on  the  engine,  but 
the  ignition  is  not  mechanically  timed.  The  control  of 
the  time  of  ignition  is  entirely  by  use  of  proper  sized 
injection  holes  in  the  fuel  cup  for  a  given  compression 
pressure  and  fuel.  Although  this  method  of  timing  the 
ignition  proves  quite  satisfactory  over  a  considerable 
range  of  speeds  when  tfie  fuel  and  compression  remain 
constant,  should  there  be  any  variation  in  the  compres- 
sion pressure  or  the  fuel  used,  a  considerable  variation 
ip  the  time  of  injection  would  occur. 

It  would  appear  from  this  that  a  multiple-cylinder  en- 
gine would  not  operate  as  successfully  as  a  single-cylin- 
der engine,  unless  the  compression  pressure  were  uni- 
form in  all  cylinders.  With  this  method  of  fuel  injec- 
tion it  is  not  possible  to  use  the  two-stroke  cycle  prin- 
ciple, because  the  charging  of  the  fuel  cup  with  air  is 
absolutely  necessary  to  form  an  explosible  mixture.  This 
charging  is  done  during  the  suction  stroke  of  the  piston 
and  would  be  very  difficult  to  accomplish  if  inspiration 
and  exhaust  occurred  simultaneously,  "as  in  the  two-stroke 
engine.  Thus  it  is  seen  that  the  Hvid  principle  is  limited 
to  the  four-stroke  principle  of  operation  and,  therefore, 
is  limited  relative  to  the  weight  per  horsepower. 

Summarizing  the  advantages  and  disadvantages  of  the 
Hvid  method  of  injection,  they  are  as  follows: 

ADVANTAGES 

(1)  No  working  parts  for  the  injection  of  the  fuel 

(2)  Fuel  thoroughly  atomized  prior  to  injection 

(3)  Fuel  heated  prior  to  injection 

(4)  Flexibility  much  greater  than  Diesel 

(5)  Easily  started 

(6)  Fuel  economy  greater  than  Diesel  because  of  heating 

fuel 

DISADVANTAGES 

(1)  Fuel  injection  not  mechanically  timed 

(2)  Inability  to  use  the  two-stroke  principle  of  operation 

(3)  Necessity  of  changing  fuel  cup  for  widely  diflFerent 

fuels 
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McClintock  Method  of  Injection 

In  the  McClintock  engine  the  fuel  is  injected  into  the 
combustion  chamber  by  compressed  air  trapped  in  a 
separate  chamber  during  compression.  The  operation  of 
this  engine  is  as  follows :  When  the  pressure  in  the  cyl- 
inder is  the  least,  or  during  inspiration,  fuel,  which  is 
under  a  slight  pressure  maintained  on  the  fuel  tank  by 
a  spiall  air  pump,  is  deposited  in  a  small  chamber  in 
direct  communication  with  the  combustion  chamber 
through  small  injection  tubes.  During  the  compression 
stroke  the  air  is  compressed  into  a  separate  chamber 
through  an  automatic  valve.  As  the  clearance  between 
the  head  and  the  piston  is  only  that  necessary  for  me- 
chanical purposes,  practically  all  of  the  air  in  the  cylin- 
der is  compressed  into  this  chamber. 

When  the  piston  starts  on  its  power  stroke,  the  air 
from  the  chamber  is  by-passed  into  the  combustioQ 
chamber  through  a  mechanically  timed  valve  and  a  Ven- 
turi-shaped  port  into  which  project  the  fuel  tubes.  Be- 
cause of  the  shape  of  the  air  port,  the  fuel  is  drawn 
from  a  small  chamber  and  an  intimate  mixture  of  air  and 
fuel  takes  place,  with  the  result  that  the  combustion  be- 
gins immediately  and  with  a  close  resemblance  to  the 
Bunsen  burner.  The  amount  of  fuel  as  well  as  the 
duration  of  combustion  is  controlled  mechanically  by  the 
load  on  the  engine.  With  this  method  of  burning,  ex- 
tremely high  temperatures  result,  and  the  materials  for 
the  injector  and  Venturi  tubes  must  be  very  carefully 
selected. 

From  a  standpoint  of  combustion,  this  engine  posses^ 
ses  the  advantage  of  an  intimate  mixture  between  the 
fuel  and  the  air  needed  for  combustion.  However,  as 
the  piston  must  move  on  its  down  stroke  a  considerable 
distance  before  the  trapsfer  of  air  takes  place,  combus- 
tion comes  late  in  the  stroke,  with  a  resultant  high  ex- 
haust pressure  and  temperature.  The  engine  is,  by  the 
way,  just  as  flexible  as  most  automobile  engines. 

Summarizing  the  advantages  and  disadvantages  of  the 
McClintock  engine,  they  are  as  follows: 

ADVANTAGES 

(1)  Fuel  thoroughly  atomized  and  mixed  with  the  air 

(2)  Fuel  heated  pnor  to  injection 

(3)  Flexibility  extremely  good 

(4)  Rate  of  burning  can  be  mechanically  controlled 

(5)  Two-stroke  principle  can  be  used  successfully 

(6)  Fuel  economy  higher  than  Diesel 

(7)  Widely  different  fuels  may  be  used  without  alteration 
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DISADVANTAGES  "^  * 

(1)  Complicated  valve  mechanism 

(2)  Fuel  injection  not  mechanically  timed 

(3)  Somewhat  troublesome  to  start — similar  to  Diesel 

(4)  Advantage  of  high  compression  partially  lost  prior  to 

combustion 

Gernandt  Method  of  Injection 

In  the  Gernandt  engine  the  fuel  is  injected  into  the 
combustion  chamber  by  super-compressing  a  portion  of 
the  products  of  combustion  which  have  been  trapped  at 
the  time  the  pressure  in  the  cylinder  has  attained  its 
maximum.  Mechanically,  this  can  be  accomplished  in 
various  ways,  \iepending  upon  the  general  design  of  the 
engine,  and  the  trapping  chamber  may  be  actually  sealed 
by  the  use  of  valves  between  the  super-compressing 
means  and  the  combustion  chamber,  or  be  in  direct  com- 
munication with  the  combustion  chamber  through  the 
very  small  injection  holes.  In  either  case  the  injection 
method  is  identical  and  takes  place  as  follows: 

During  the  suction  stroke  in  a  four-cycle,  or  during 
simultaneous  exhaust  and  inspiration  in  a  two-cycle  en^ 
gine,  fuel  is  deposited  in  a  small  chamber  between  the 
combustion  chamber  and  the  super-compressing  means, 
either  by  gravity  or  under  a  slight  pressure  maintained 
on  the  fuel  in  the  tank.  The  fuel  is  metered  and  passes 
through  a  mechanically  timed  valve.  During  the  com- 
pression stroke  the  fuel  attains  temperature  and  the 
pressure  rises  in  the  fuel  chamber.  When  the  piston 
reaches  its  upper  dead-center,  the  products  of  combus- 
tion, previously  trapped,  are  super-compressed  mechan- 
ically and  forced  through  the  fuel  chamber  and  into  the 
combustion  chamber. 

Thorough  atomization  takes  place  during  the  injection 
period,  as  in  the  Diesel  engine,  but  in  this  case  the  in- 
jection gas  is  highly  heated  and  refrigeration  has  been 
practically  eliminated,  the  amount  of  the  products  of  com- 
bustion necessary  for  injection  being  so  small  that  the 
burning  effect  has  not  been  impaired.  Also,  there  is  no 
burning  of  the  fuel  until  it  is  actually  injected  into  the 
combustion  chamber.  In  this  engine  the  fuel,  the  in- 
jection and  the  rate  of  injection  are  mechanically  timed, 
and  with  an  increase  in  the  crankshaft  speed  there  will 
be  a  corresponding  increase  in  the  rate  of  fuel  injection 
because  the  fuel  must  enter  the  combustion  chamber 
during  a  certain  angular  travel  of  the  crankshaft  and 
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not  during:  a  certain  fixed  time.  Thus  the  flexibility  of 
this  engine  will  be  very  good. 

Actual  tests  on  this  method  of  injection,  have  shown 
promising  results,  and  the  speed  limitation  of  a  multiple- 
cylinder  engine  will  depend  only  upon  the  combustion 
rate  of  the  fuel,  which,  in  turn,  is  dependent  upon  the 
thoroughness  of  atomization,  the  rate  of  injection  and 
the  shape  of  the  combustion  chamber.  Experiments  are 
now  under  way  to  improve  the  fuel  combustion  rate. 

Summarizing  the  advantages  and  disadvantages  in 
this  method  of  injection,  they  are  as  follows: 

ADVANTAGES 

(1)  Fuel  injection  mechanically  timed 

(2)  Fuel  heated  prior  to  injection 

(3)  Fuel  thoroughly  atomized  prior  to  and  during  injec- 
tion 

Rate  of  burning  mechanically  controlled 
Widely  different  fuels  can  be  burned  without  altera- 
tion 

(6)  Fuel  economy  is  greater  than  Diesel  because  of  pre- 

heating 

(7)  Greater  flexibility 

(S)  Two-cycle  principle  can  be  used 
(9)  Engine  very  easily  started 

DISADVANTAGES 

(1)  Addition  of  super-compression  means,  making  engine 
more  complicated  than  the  Hvid  but  much  less  so 
than  the  Diesel 
In  conclusion,  the  main  point  to  be  brought  out  is 
that  regardless  of  the  method  used  for  the  injection  of 
fuel,  advantage  should  be  taken  of  the  high  economy  and 
the  possibility  of  burning  the  heavy  fuel  oils  actually 
accomplished  by  the  use  of  the  high-compression  oil  en- 
gine. 

THE    DISCUSSION 

Question: — I  would  like  to  ask  Mr.  Gemandt  if  the 
principle  he  mentions  is  his  own  idea,  and  if  it  could  be 
built  into  a  small,  a  medium  or  a  high-speed  engine. 

Answer  : — Yes,  I  can  answer  to  both  questions.  The  en- 
gine we  first  used  was  a  3  by  5-in.  single-cylinder.  The 
results  we  got  from  this  were  nothing  to  boast  of,  but  we 
built  a  second  engine,  a  4  by  6-in.  single-cylinder,  and  it 
runs  very  smoothly.  It  is  a  stationary  engine.  The 
speed  ranges  from  about  200  to  860  r.p.m.  and  the  re- 
ciprocating parts  weigh  from  16  to  18  lb. 
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Question  : — ^Would  there  be  anything  to  interfere  with 
its  use  on  a  multiple-cylinder  engine? 

Answer: — No. 

Question: — Could  the  speed  limit  be  increased  if  the 
atomization  of  the  fuel  were  improved? 

Answer: — ^The  speed  limit  depends  upon  the  combus- 
tion rate  of  the  fuel.  The  higher  the  atomization  of  the 
fuel,  the  better  and  quicker  is  the  burning.  In  this  way 
the  combustion  rate  is  increased. 

Question: — Could  it  be  further  increased  by  having 
more  points  of  injection? 

Answer: — The  number  of  injection  holes  has  a  glreat 
deal  to  do  with  it,  as  the  combustion  rate  depends  upon 
the  proper  distribution  of  the  fuel.  These  holes  are  about 
No.  56  drill,  and  there  are  three.  They  are  so-  spaced  as 
to  permit  the  quickest  union  with  the  air. 

Question: — What  is  the  heaviest  fuel  that  has  been 
tried  in  this  type  of  engine?  Has  Pennsylvania  or 
asphalt  base  been  used? 

Answer: — We  have  not  gone  into  that  very  deeply.  Ex- 
perimenting is  now  going  on.  As  a  matter  of  fact  we 
operated  on  lubricating  oil  taken  from  the  crankcase  of 
an  automobile.  It  was  pretty  black.  Possibly  it  was  only 
half  fuel.  I  do  not  think  there  is  any  limit  to  the  heavy 
fuel  one  can  bum  in  this  engine. 

Question  : — Could  you  use  this  method  on  a  4  by  6-in. 
engine,  running  1000  ft.  per  min.  piston  speed? 

Answer: — Yes,  we  are  using  it  on  an  engine  of  that 
size  now. 

Question: — Is  there  greater  flexibility  in  the  two- 
cycle  than  in  the  four-cycle  engine,  and  a  greater  amount 
of  power  per  pound  of  engine  weight? 

Answer: — ^Yes,  there  is.  The  greater  the  impulses 
per  cylinder  or  impulses  per  minute,  the  greater  the 
flexibility.  Flexibility  depends  upon  the  number  of  im- 
pulses as  well  as  upon  the  weight  of  the  reciprocating 
parts. 

Question: — Would  there  be  any  difficulty  in  scaveng- 
ing a  two-cycle  engine? 

Answer: — No,  because  in  this  type  of  engine  the  scav- 
enging agent  is  pure  air,  not  a  mixture  of  fuel  and  air. 
In  the  ordinary  type  of  two-cycle  engine  using  a  car- 
bureter the  ports  must  be  designed  so  as  to  scavenge  the 
exhaust  gas  perfectly  and  not  lose  any  of  the  scavenging 
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mixture.  You  can  lose  a  lot  of  air  through  scavenging 
and  yet  not  lose  much  in  power. 

Question  : — Have  you  made  tests  to  find  at  what  par- 
ticular position  the  injection  should  take  place  to  get  the 
best  fuel  economy? 

Answer: — No,  we  have  not. 

Question: — The  combustion  period  is  short.  Is  there 
not  some  particular  way  of  injecting  the  fuel  to  get  the 
highest  efficiency? 

Answer: — ^Yes,  there  is.  As  I  have  stated,  experi- 
ments are  being  conducted  to  ascertain  the  best  position 
for  the  injection  holes,  their  correct  size  and  the  proper 
rate  of  injection.  In  injecting  heavy  oil  the  fuel  must 
get  to  the  air,  and  it  has  to  be  done  rapidly,  as  quickly 
as  possible.  It  can  be  done,  however,  by  a  correctly 
shaped  combustion  chamber,  injecting  holes  of  the  proper 
size  and  a  maximum  rate  of  plunger  travel. 

Question: — Do  you  need  the  same  compression  pres- 
sure as  the  Diesel  engine? 

Answer: — ^Yes;  about  450  to  500  lb.,  depending  upon 
the  fuel  used. 

Question: — ^What  is  the  relative  size  .of  the  plunger? 

Answer: — Three-quarters  inch  diameter  by  %  in. 
stroke. 

Question: — Is  the  plunger  cam-operated? 

Answer: — ^Yes.  The  injection  takes  place  during  about 
35  deg.  of  crank  travel.  In  the  Diesel  engine  fuel  is  in- 
jected during  about  50  deg.  of  crank  travel.  Injection 
starts  at  about  8  deg.  before  dead-center  and  continues 
to  38  to  42  deg.  past  dead-center. 

Question  : — You  regulate  the  power  by  regulating  the 
fuel,  but  such  a  small  amount  of  fuel  is  used  per  stroke 
that  you  must  have  difficulty  in  controlling  the  engine 
at  very  low  speeds. 

Answer: — The  control  of  the  engine  is  entirely  by  the 
amount  of  fuel  burned.  The  needle-valve  regulates  the 
quantity  of  fuel.    We  have  run  as  low  as  200  r.p.m. 

Question  : — At  high  speeds  the  time  limit  is  short,  and 
the  fuel  holes  are  so  small  that  the  super-compression 
space  might  not  be  totally  filled.  Will  there  be  pressure 
enough  for  fuel  injection? 

Answer: — Super-compression  goes  far  beyond  the 
compression  pressure  so  that  there  is  always  an  excess 
of  pressure  no  matter  what  the  speed  of  the  engine  may 
be.    The  plunger  begins  its  downward  stroke  a  short  time 
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before  upper  dead -center  and  continues  about  30  deg. 
past  dead-center.  In  larger  engines  the  super-compres- 
sion chamber  may  be  sealed  with  a  valve  between  the 
combustion  chamber  and  the  super-compression  means 
and  actually  trap  the  high-pressure  gas. 

Question: — ^You  claim  that  the  eflSciency  of  the  Hvid 
engine  is  above  that  of  the  Diesel.  Will  you  explain  how 
that  can  be? 

Answer: — It  is  due  to  the  heating  of  the  fuel  in  the 
Hvid  engine.  There  is  a  very  rapid  explosion  in  the  fuel 
cup  that  thoroughly  atomizes  the  fuel.  In  the  Diesel 
engine  the  injection  air  is  cooled  and  they  aim  to  put 
the  fuel  into  the  combustion  chamber  just  ahead  of  the 
injection  air  to  reduce  the  refrigeration  action  as  much 
as  possible.  Efficiency  really  depends  upon  the  degree 
of  atomization. 

Question: — In  the  Diesel  there  is  the  onrush  of  the 
heavy  pressure  air  whereas  the  Hvid  has  only  the  small 
injection  holes  for  atomization. 

Answer: — ^The  Diesel  has  the  same  thing.  The  Diesel 
mixes  air  and  fuel  before  the  injection  and  atomizes  the 
fuel  during  injection  through  small  holes,  as  in  the  Hvid. 

Question  : — Do  you  think  the  Hvid  engine  draws  noth- 
ing but  pure  air  into  the  cylinder  during  the  suction 
stroke?  Th^  fuel  goes  in,  and  comes  out  of  the  holes  in 
the  center. 

ANSWER: — Some  of  it  does,  but  the  amount  is  very 
hard  to  determine.  There  is  some  burnt  gas,  the  same  as 
in  the  Diesel  Their  fuel  goes  in  on  the  opposite  side  of 
the  injection  holes,  and  they  depend  upon  the  time  ele- 
ment and  the  distance  of  travel  being  such  that  the  fuel 
actually  remains  in  the  cup. 

Question: — Is  there  a  knock  in  the  Hvid  engine? 

Answer: — I  believe  there  is.  The  problem  with  them 
is  the  timing  of  the  fuel  injection.  It  is  done  entirely 
by  the  size  of  the  holes  in  the  fuel  cup.  For  certain  com- 
pressions they  have  holes  of  a  certain  size.  If  the  holes 
are  correctly  planned  for  a  compression  of  say  450  lb.  and 
there  should  be  a  drop  in  compression,  the  holes  would 
be  too  small  and  the  fuel  would  go  into  the  combustion 
chamber  late.  If  the  compression  were  increased  above 
450  lb.,  the  holes  would  be  too  large  and  fuel  injection  too 
early.  It  is  very  difficult  to  design  for  variations  in 
compression.  It  also  is  difficult  to  keep  the  compres- 
sion balanced  in  a  multiple-cylinder  engine,  and  it  is  upon 
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this  compression  balance  that  the  Hvid  principle  of  in- 
jection depends.  With  a  hole  too  large  the  fuel  would 
enter  the  cylinder  early  and  it  is  possible  to  get  a  knock. 
The  same  thing  would  happen  if  a  lighter  fuel  were 
used.  As  to  the  relative  atomization  of  the  Diesel  and 
the  Hvid  engines,  the  Diesel  injection  valves  are  designed 
so  as  to  present  a  labyrinth  passage  for  the  air  and  fuel. 
This  insures  thorough  atomization  and  better  burning 
in  place  of  refrigeration  effects.  I  do  not  know  that  it 
is  due  to  high  burning.  It  is  more  of  an  injection  of 
highly  atomized  vapor  than  two  or  three  spurts  of  flame. 
You  get  partiaUy  the  same  effect  in  breaking  up  the  fuel 
by  an  explosion,  as  in  the  Hvid,  but  the  injection  is  that 
of  two  or  three  spurts  of  flame. 
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CARBURETER  AIR  CLEANERS 

By  W  G  Clark* 

DURING  the  war  the  trend  of  tractor  engfine  desigrn 
toward  increased  efficiency  resulted  in  many  im- 
provements and  discoveries  in  accessories,  not  the  least 
of  which  is  the  carbureter  air-cleaner.  The  value  of 
air-cleaners  is  now  fully  recognized  and  they  are  used 
as  standard  equipment  on  the  majority  of  tractors. 

Air-cleaners  are  classified  into  groups  as  follows: 
(a)  cleaners  having  cloths  or  screens,  or  both,  to  catch 
dust;  (6)  inertia  cleaners;  (c)  those  employing  water 
or  some  other  liquid  to  trap  dirt  and  {d)  centrifugal  or 
gravity  cleaners. 

The  first  class  is  practically  obsolete;  illustrations  of 
two  of  this  type  are  shown.  Inertia  cleaners  are  not 
widely  used,  but  present  possibilities.  liquid  cleaners 
of  various  designs  are  in  considerable  use.  The  author 
believes  that  the  slight  advantage  in  efficiency  of  this 
type  over  the  better  class  of  dry-type  cleaners  is  not 
sufficient  to  compensate  for  their  greater  size  and  dif- 
ficulty of  operation.  Many  wet-type  cleaners  are  em- 
ployed because  the  moisture  they  impart  to  the  car- 
bureter air  is  necessary  on  account  of  improper  kerosene 
engine  design.  The  operation  of  different  forms  of  wet- 
type  cleaners  is  illustrated  and  described.  The  cen- 
trifugal or  gravity-type  cleaner  is  most  widely  known 
and  used.  Its  small  size,  simplicity,  efficiency,  ease  of 
attachment,  and  the  minimum  care  necessary  for  its 
efficient  operation,  commend  it  to  the  majority  of  tractor 
builders.  An  illustrated  description  of  this  type  is 
given. 

The  trend  of  engine  design  in  the  tractor  and  the 
automobile  fields  during  the  past  few  years  has 
been  more  along  the  line  of  increased  efficiency  of 
prevailing  types  than  toward  the  development  of  new 
types.  This  is  logical  in  the  development  of  a  mechan- 
ism as  new  as  the  gas  engine,  ajthough  the  demand  for 
higher  efficiency  has  perhaps  been  hastened  and  ren- 
dered more  insistent  by  the  war.  This  demand  was 
naturally  felt  first  by  the  accessory  people,  especially 
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the  makers  of  magnetos,  carbureters  and  bearings,  and 
the  fact  that  it  was  some  time  before  any  appreciable 
progress  was  apparent  showed  that  too  much  of  the 
burden  had  been  placed  on  them.  It  is  gratifying  to 
note  that  rapid  progress  has  been  made  since  the  engine 
designers  have  cooperated  by  taking  over  their  share  of 
the  work. 

One  of  the  most  important  factors  in  improving  ef- 
ficiency and  service  in  automotive  work,  was  the  early 
recognition  of  the  fact  that  dirt  and  carbon  are  the 
worst  enemies  of  the  internal-combustion  engine.  Changes 
in  design  along  protective  lines  and  the  application 
of  external  preventative  devices  in  the  form  of  air  clean- 
ers, have  done  much  toward  increasing  the  operat- 
ing efficiency  and  life  of  field  engines.  I  think  it  is 
not  necessary  to  discuss  the  need  and  value  of  an  air 
cleaner,  especially  for  tractor  and  truck  engines.  Fully 
•80  per  cent  of  the  different  tractors  and  several  trucks 
have  air  cleaners  as  standard  equipment.  The  specifica- 
tions of  the  United  States  Army  for  trucks  and  tractors 
include  adequate  air  cleaning  devices  for  the  carbureter. 
The  destructive  effect  on  the  cylinders  of  dirt  and  other 
incombustible  mineral  matter  is  well  known.  The  air 
cleaner  is  an  important  part  of  the  field  equipment 
Everyone  who  attended  the  National  Tractor  Demon- 
stration at  Salina  this  year  will  testify  that  the  air 
cleaners  had  plenty  of  work  to  do.  Pictures  taken  at 
the  time  give  some  idea  of  the  tremendous  dust  clouds 
in  which  the  tractors  had  to  work. 

Types  of  Am  Cleaners 

The  earliest  form  of  air  cleaner  was  merely  a  fine- 
mesh  screen  of  considerable  area  attached  to  the  carbu- 
reter air-intake.  This  was  used  several  years  ago,  but 
for  obvious  reasons  was  not  very  efficient  or  satisfactory. 
Another  of  the  earlier  forms  of  cleaner  was  called  the 
"rain  type,"  of  which  the  modern  air  washer  or  water 
cleaner  is  a  development.  It  was  a  modified  form  of 
the  washers  and  humidifiers  used  for  cleaning  and 
moistening  air  in  public  buildings.  The  cleaning  was 
accomplished  by  drawing  the  carbureter  air  through  a 
fine  film  or  sheet  of  water  which  flowed  over  a  screen  to 
a  reservoir  and  return.  It  was  very  cumbersome  and 
impractical  for  field  use,  although  if  well  made  it  was 
quite  effective. 
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There  are  several  types  of  cleaner  now  in  use  on 
tractors  and  trucks,  namely: 

(1)  Cleaners  having  cloths  or  screens  or  both  to  catch 
the  dust 

(2)  Inertia  cleaners 

(3)  Those  in  which  water  or  some  other  liquid  is  used 
to  wash  the  air,  and 

(4)  Centrifugal  or  gravity  cleaners 

Cloths  and  Screens 

The  first  type  is  practically  obsolete.  It  is  trouble- 
some, ineffective  and  bulky,  as  to  clean  efficiently  the 
cloth  or  screen  area  must  be  very  large  to  cut  down  the 
air  velocity  and  yet  provide  any  considerable  capacity. 
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FiQB.  1,  2  AMD  3 — Screen  Type  Air  Cleaners  Emplotino  Flannel 

OR  Eiderdown  Cloth 

The  Dust-Laden  Air  Is  Drawn  Through  the  Cloth  in  the  Two  Upper 

Ones  and  in  the  Lower  the  Dust  Is  Collected  on  the  Surface 
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Both  cloth  and  screen  soon  clog  and  restrict  the  flow  of 
air  to  the  carbureter,  thus  enriching:  the  mixture.  This 
creates  carbon  and  causes  overheating  and  other  kin- 
dred troubles.  There  have  been  numerous  forms  of 
this  tjrpe  of  cleaner,  of  which  Figs.  1,  2  and  8  are  ex- 
amples. 

Fig.  1  shows  a  cylindrical  drum  closed  at  the  end 
connected  to  the  carbureter,  and  covered  at  the  other 
end  by  an  eiderdown  cloth  held  in  the  shape  of  a  cone  by 
a  wire  at  the  top.  The  air  is  drawn  upward  through  the 
cone  of  eiderdown  and  thence  into  the  carbureter.  With 
this  cleaner  the  operator  would  have  to  clean  the  cloth 
very  frequently  in  dusty  field  woric  or  carry  considerable 
cloth  with  him  for  the  many  changes  necessary  in  a 
day's  run. 

Fig.  2  illustrates  a  form  in  which  an  eiderdown  or 
flannel  cloth  is  used,  but  the  air  is  forced  to  reverse  its 
direction  several  times  in  passing  around  baffle-plates 
which  are  intended  to  direct  the  dust-laden  air  into  con- 
tact with  the  doth. 

Fig.  3  shows  a  deaner  having  both  cloth  and  screen, 
the  latter  serving  to  hold  the  cloth  in  place.  No  pro- 
vision is  made  for  taking  this  cleaner  apart. 

Inertia  CLEANEEts 

The  second  class  I  have  called  inertia  cleaners,  be- 
cause their  action  depends  upon  the  inertia  of  the  dust 
in  the  air  to  carry  it  out  of  the  air-stream  when  the  air- 
flow is  suddenly  reversed  or  changed  before  passing 
to  the  carbureter.  One  form  of  this  type  of  cleaner,  of 
which  there  are  now  several  varieties,  is  shown  in  Fig. 
4.  It  consists  of  a  rectangular  metal  casing  with  one 
side  open  and  a  connection  from  the  closed  side  to  the 
carbureter.  The  open  side  of  the  casing  is  placed 
against  the  outside  of  the  radiator  core  facing  in  the 
direction  of  air-flow  through  the  radiator,  so  that  the 
carbureter  air  is  drawn  out  of  the  air-stream  in  the  re- 
verse direction.  The  inertia  of  the  dust  being  drawn 
through  the  radiator  is  supposed  to  carry  it  beyond  the 
open  end  of  the  cleaner  and  through  the  radiator,  not 
being  deflected  from  its  path  by  the  suction  of  the  car- 
bureter. The  actual  efficiency  of  this  cleaner  is  rather 
problematical  as  it  is  difficult  to  catch  and  measure  the 
dust  in  any  way.    Practically  the  only  way  to  test  it  is 
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to  try  it  on  an  engine  in  the  field  and  judge  of  its  ef- 
ficiency by  the  condition  of  the  cylinders. 

A  somewhat  similar  form  of  inertia  cleaner  is  placed 
behind  the  fan  instead  of  in  front  of  the  radiator,  so 
that  the  air  is  forced  through  the  cleaner  instead  of 
being  drawn  through.  Its  efficiency  is  dependent  upon 
the  maintenance  of  a  certain  air  velocity  for  a  given 
proportioning  of  the  cleaner  openings;  a  variation  of 
fan  speed  interferes  seriously  with  its  effectiveness.  I 
have  no  available  data  on  these  forms  of  inertia  clean- 
ers. There  must  be  a  considerable  volumetric  loss  with 
their  use,  due  to  the  fact  that  the  carbureter  air  is 
drawn  in  a  reverse  direction  from  that  of  the  fan  air- 
stream,  which  possesses  the  kinetic  energy  and  inertia 
of  its  velocity  and  direction  of  flow. 
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Fio.  4 — The  Principle  of  Opebation  op  This  Inertia  Air  Cleaner 

l8  That  the  Air  Particles  Are  Entrained  by  the  Suction  of  Air 

Through  the  Radiatqr 
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Liquid  Traps 

The  third  type  comprises  those  cleaners  or  washers 
in  which  a  liquid  such  as  water  or  kerosene  is  employed 
to  trap  the  dust.  The  demand  for  an  air-washer  or  wet- 
type  cleaner  was  created  primarily  by  engine  operators 
and  owners  of  tractors  in  exceptionally  dusty  territories, 
who  felt  that  other  types  of  cleaners  were  not  eflScient 
enough  for  adequate  engine  protection.  However,  judg- 
ing from  data  on  most  of  the  best  air-washers  and  dry-, 
type  cleaners,  I  do  not  believe  that  the  slight  advantage 
of  the  wet  type  over  the  best  dry  types  is  sufficient  to 
compensate  for  the  extra  trouble  and  difficulty  encoun- 
tered in  the  use  and  care  of  a  wet-type  cleaner.  The 
best  dry-type  cleaners  will  catch  from  95  to  100  per 
cent  of  the  dust  passing  into  them,  the  efficiency  vary- 
ing with  the  fineness,  weight  and  volume  of  the  dust. 
Under  the  most  adverse  conditions  for  the  dry  tsrpe,  the 
best  air  washers  will  show  not  more  than  2  or  3  per 
cent  better  efficiency.  Such  conditions  are  most  fre- 
quently encountered  in  some  of  our  Western  States, 
where  the  dust  is  largely  composed  of  volcanic  ash — lava 
dust.  This  dust  is  very  light  and  fine,  which  makes  it 
hard  to  stop.  It  also  contains  considerable  vegetable 
matter,  so  that  of  the  small  percentage  that  escapes  the 
dry-type  cleaner,  the  major  portion  is  combustible 
vegetable  matter  that  will  bum  in  the  cylinders  without 
deposit. 

I  think  that  many  have  been  misled  as  to  the  ef- 
ficiency 9f  the  air-washer  by  comparing  it  with  building 
air-washers  and  humidifiers.  While  their  action  is 
somewhat  similar,  they  differ  in  a  very  important  re- 
spect. The  ordinary  building  air-washer  deals  with  air 
at  low  velocities  through  which  finely  divided  water  par- 
ticles are  passed.  The  carbureter  air-washer  deals  with 
air  at  high  velocities  which  must  be  pulled  through  a 
quantity  of  water.  In  one  case  the  surface  of  a  large 
number  of  water  particles  comes  in  contact  with  a  slowly 
moving  volume  of  air,  affording  ample  time,  when  prop- 
erly designed,  to  wash  all  the  air  thoroughly.  In  the 
other  case  a  volume  of  air  is  forced  through  water  at 
high  speed.  This  forms  air  bubbles  which  trap  within 
themselves  particles  of  dust.  These  never  get  into  con- 
tact with  the  water  and  are  carried  through  into  the 
carbureter.  The  best  carbureter  air-washers  are  those 
in  which  these  air  bubbles  are  broken  up  and  reduced  to 
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a  minimum.  Their  presence  accounts  for  the  fact  that 
even  the  best  air-washers  are  not  always  100  per  cent  ef- 
ficient, especially  under  the  extreme  conditions  men- 
tioned. I  know  of  two  carbureter  air-washers  that  are 
not  as  efficient  as  some  dry-type  cleaners  because  of 
this  defect.     Under  ordinary  field  conditions  the  dif- 
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PiQ.  5 — In  This  Ttpb  of  Liquid  Air  Cleaner  the  Air  and  the 

Dust     Particles     Strike    the    Water    Before    Entering    the 

Carbureter 


f  erence  in  efficiency  between  the  wet  and  dry-type  clean- 
ers is  very  slight.  I  think  that  if  the  truth  were  known 
most  tractor  owners  now  using  the  wet-type  cleaner  do 
so  on  account  of  the  moisture  which  these  furnish  to  the 
intake  air,  rather  than  because  of  any  really  better  op- 
eration. For  some  engines  which  do  not  cool  any  too 
well,  especially  when  using  kerosene,  the  heavily  moist-- 
ened  and  cool  air  from  a  water  cleaner  is  almost  as  much 
a  necessity  as  freedom  from  dust. 

This  heavy  moisture  content  which  some  air-washers 
impart  causes  a  large  water  consumption,  the  amount 
varying  with   the  temperature.     One   well-known  air- 
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washer  is  said  to  use  up  30  quarts  of  water  in  a  day's 
woric,  under  ordinary  summer  temperatures.  All  air- 
washers  are  not  as  bad  as  that,  but  it  is  both  trouble- 
some and  inconvenient  to  refill  them  twice  a  day.  This 
fact  aiid  their  susceptibility  to  freezing  in  cold  weather 
form  two  of  the  main  objections  to  an  air-washer. 

Figs.  5  and  6  are  two  forms  of  air-washer  now  in  use. 
The  first  has  an  additional  objection  to  those  already 
mentioned,  in  that  it  employs  a  floating  member  with  a 
large  bearing  surface  exposed  to  the  wearing  action  of 
the  dust  entering  the  cleaner.  These  surfaces  are  in 
the  direct  path  of  the  dust,  which  must  effect  some 
wear  if  not  actual  clogging  of  the  bearing. 

Fig.  6  is  a  water  cleaner  brought  out  over  a  year  ago 
to  satisfy  certain  demands  for  a  wet-type  cleaner.  It 
embodies  several  novel  features  designed  to  eliminate  so 
far  as  possible  some  of  the  objectionable  properties  of 
the  wet-type  cleaner.  It  consists  essentially  of  a  cen- 
trifugal air-cleaner  suspended  within  a  cylindrical  casing 
containing  a  quantity  of  water.  This  water  is  made  to 
revolve  within  the  container  by  the  whirling  action  of 
the  air  drawn  into  it  by  the  suction  of  the  carbureter. 
The  water  rotates  because  the  air  is  drawn  into  it  tan- 
gentially  through  two  spiral  tubes  in  the  inner  circum- 
ference of  the  casing.  The  dust-laden  air  enters  as 
shown  and  passes  into  the  water  compartment  through 
openings  in  the  spirals  at  A.  The  rapidly  whirling  air 
causes  the  whole  mass  of  water  to  revolve  so  that  it  piles 
up  against  the  sides  in  approximately  the  position  shown 
by  the  dotted  line.  This  completely  submerges  the  lower 
ends  of  the  spirals  in  a  heavy  spray,  so  that  all  the  air 
must  pass  through  the  water  spray  before  escaping  up- 
ward into  the  openings  C  of  the  inner  air  cleaner. 

The  air-cleaner  has  three  spirals  on  its  inner  circum- 
ference through  which  the  air  and  entrained  moisture 
pass.  The  centrifugal  action  set  up  in  the  inner  cleaner 
breaks  up  any  air  bubbles,  completes  the  cleaning  of  the 
air  and  also  throws  down  any  drops  of  water  that  may 
have  been  picked  up  in  the  air.  These  water  drops  are 
thrown  downward  and  back  into  the  water  container 
through  the  open  end  of  tube  B,  This  reduces  the  hu- 
midity of  the  washed  air  and  also  prevents  excessive 
water  consumption.  The  clean  air  after  passing  out  of 
the  spirals  in  the  inner  cleaner  escapes  upward  and  out 
through  the  elbow  at  top  to  the  carbureter  air-intake. 
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As  long  as  there  is  any  water  in  the  container,  the 
whirling  of  this  keeps  the  end  of  tube  B,  which  is  very 
close  to  the  bottom  of  the  container,  sufficiently  open  for 
the  water  thrown  down  to  re-enter  the  reservoir.  How- 
ever, if  the  water  suppb^  is  allowed  to  evaporate  entirely, 
enough  mud  and  dirt  will  settle  under  the  open  end  of  B 


CL&ANAIC 


DUSTLAOEM 
Am 


WATLH- 


FILLEB 
/CAP 


Fig.  6 — ^Watbb  Whiblino  Rapiolt  Thbouoh  Spiral  Passaobs  in 

THB  LOWKB  COMPABTMBNT  18  RSLISD  UPON  TO  CLBANSB  THS  AIR 

to  seal  it,  so  that  even  if  the  container  should  run  dry, 
the  inner  air-cleaner  will  collect  the  dust  as  a  dry-air 
cleaner.  Of  course,  if  the  water  container  is  dry  and 
also  clean,  no  such  cleaning  action  is  possible  unless 
opening  B  is  closed.  Under  normal  summer  tempera- 
tures one  filling  of  water  should  last  a  full  days'  run  of 
a  tractor  in  the  field. 

The  reservoir  holds  about  1  gal.,  which  is  a  very  low 
water  consumption  in  comparison  with  others.  The  air 
contains  so  little  moisture  that  it  does  not  interfere  with 
the  carbureter  action  on  gasoline,  as  is  the  ease  with  some 
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other  water  cleaners.  The  whirling  action  of  the  water 
in  the  reservoir  creates  a  heavy  spray  over  the  openings 
of  the  spirals  so  that  all  the  air  must  pass  through  the 
water  spray  instead  of  bubbling  through  a  volume  of 
water.  This  practically  eliminates  the  formation  of 
bubbles,  thereby  increasing  efficiency.  Furthermore,  any 
particles  of  water  containing  dust  are  thrown  out  of  the 
air  while  passing  through  the  inner  cleaner  and  drop 
back  into  the  water  reservoir  again.  This  also  accounta 
for  the  low  water  consumption.  Except  at  the  instant 
of  starting,  the  f  rictional  resistance  of  this  water  cleaner 
is  no  greater  than  that  of  an  equivalent  one  of  the  dry 
type,  because  when  once  started  it  requires  but  little 
force  to  keep  the  body  of  water  revolving. 

Centrifugal-Type  Cleaners 

The  fourth  t3^e  of  cleaner  and  the  most  widely  used 
works  on  the  centrifugal  or  gravity  principle.  Figs.  7 
and  8  are  examples  of  this  type.  Fig.  8  shows  a  centrif- 
ugal or  gravity  cleaner  that  is  used  on  a  large  percentage 
of  the  makes  of  tractor  which  use  air-cleaners.  The  air 
is  drawn  by  suction  through  openings  in  the  sides  of  the 
cleaner  into  the  spiral  tubes.  These  spiral  tubes  have  a 
downward  pitch  which  gives  the  dust-laden  air  a  whirl, 
so  that  centrifugal  action  and  gravity  throw  the  dust  out 
of  the  air  under  the  cone  and  into  the  container  below, 
while  the  clean  air  passes  upward  through  the  top  and 
Jnto  the  carbureter. 

Fig.  8  is  ^  centrifugal  cleaner  of  the  same  type,  differ-' 
ing  only  in  outward  appearance  and  size.  The  principle 
and  action  are  identical  and  the  construction  nearly  so. 

There  are  several  other  forms  of  the  four  types  of 
cleaner,  but  the  ones  shown  and  described  are  representa- 
tive and  serve  to  illustrate  the  principles  and  design  in- 
volved. 

THE    DISCUSSION 

A.  W.  Scarratt: — Do  you  really  think  that  the  dirt 
thrown  down  in  the  cleaner  will  be  solid  enough  to  make 
an  airtight  seal? 

Mr.  Clark  : — It  becomes  solid  as  the  water  evaporates. 

Mr.  Scarratt:— Will  it  be  airtight? 

Mr.  Clark  : — It  will,  if  you  get  any  copsiderable  quan- 
tity of  it.  The  bottom  of  the  tube  is  about  1/16  in.  from 
the  bottom  of  the  container,  and  if  %  in.  of  dust  collects 


Digitized  by 


Google 


CABBUBETER  AIS  CUIANERS 


755 


there  it  becomes  airtight.  Of  course,  if  the  reservoir  is 
clean  and  empty  at  the  same  time,  you  get  no  cleaning  ef- 
fect fr6m  the  water,  but  if  there  is  dust  there  and  the 
water  does  evaporate,  the  farmer  still  has  a  cleaner. 

R.  B.  Shoop: — How  much  of  a  deposit  will  there  be 
on  the  bottom  at  the  end  of  a  10-hr.  run  when  operating 
in  heavily  laden  air? 


Pias.  7  A.ND  8 — Centrifuoai.  Force  Removes  the  Dust  Particles 

IN  These  Two  Types  op  Air  Cleaned  and  Ck>LLBGT8  Them  in  a 

Container  at  the  Bottom 


Mr.  Clark: — Judging  from  what  the  dry  cleaners  will 
catch  under  the  worst  conditions,  about  a  pint  in  five 
hours.  That  is  the  worst  I  have  ever  had  reported  to 
me.  I  was  out  on  an  experimental  job  west  of  St.  Louis 
recently  where  we  had  as  bad  conditions  ad  any  I 
ever  saw.  We  emptied  the  air  cleaner  and  got  approxi- 
mately 1  in.  of  dust  for  every  half-mile  round. 

A  Member: — Must  the  engine  be  stopped  to  remove 
the  glass  to  clean  it? 

Mr.  Clark:— It  is  better  to  do  so. 
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ErFECT  OF  Dust  on  Engine 

A  Member: — ^Has  any  accurate  test  been  made  to  de- 
termine what  damage  dust  causes  when  going  through 
an  engine  of  that  kind? 

Mb.  Glabk: — I  have  some  pistons  at  the  oflSce  which 
are  sufficient  evidence  on  that  point.  The  rings  at  the 
top  and  the  ring  grooves  are  worn  deepest  at  the  top 
and  the  injury  is  less  at  the  bottom  of  the  piston.  Some 
of  the  rings  are  cut  into  and  worn  bevel-edged.  A  rep- 
resentative of  one  of  the  prominent  piston  companies  told 
us  that  this  was  impossible.  We  sent  them  the  pistons 
to  prove  our  point..  If  you  have  any  doubt  as  to  the 
destructiveness  of  dust  take  a  tractor  to  the  Western 
coast,  or  one  of  the  Western  States,  like  Idaho.  There 
are  some  places  in  the  West  where  a  tractor  cannot  run 
for  2  hr.  without  clogging.  Tractors  have  been  known 
to  quit  cold  on  account  of  the  clogging  of  the  lubricating 
oil-holes,  thus  cutting  out  the  bearings.  There  have  been 
cases  where  the  bearings  were  scooped  out. 

Chaibman  Mowby: — I  have  seen  the  pistons  to  which 
Mr.  Clark  referred.  The  lead  of  an  ordinary  pencil,  after 
sharpening  it  in  the  usual  way,  could  easily  be  laid  in 
beside  the  piston  under  the  upper  piston  ring.  The  next 
one  was.  a  little  less  worn ;  the  third  still  less ;  the  fourth 
one  a  little  looser  than  it  should  have  been.  The  pistons 
had  been  run  a;bout  four  weeks. 

Mb.  Clabk  : — ^There  was  a  thick  deposit  of  dirt  on  the 
rings,  which  just  about  proves  the  case. 

Decrease  of  Power 

Mb.  Haggebty:— What  is  the  effect  of  the  air  cleaner 
on  the  power? 

Mb.  Glabk: — In  tests  made  on  engines  equipped  with 
them,  the  loss  of  horsepower  was  so  small  we  could  not 
measure  it.  An  engine  developing  40  hp.  would  give 
a  power  loss  of  a  little  less  than  1/40  hp.  Of  course, 
there  is  a  slight  restriction  of  the  air.  If  the  carbureter 
is  adjusted  to  the  change  in  air  velocity,  power  loss  can- 
not be  detected. 

Mb.  Haggebty: — Is  that  true  of  the  water  cleaners? 

Mb.  Clabk: — ^We  have  been  able  to  detect  very  little 
difference  between  our  water  cleaners  and  the  air  clean- 
ers. Very  little  power  is  required  to  keep  the  water 
revolving. 
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Mr.  Haggerty: — I  have  heard  several  manufacturers 
protest  against  the  amount  of  power  lost  with  the  water 
cleaners. 

Mr.  Clark  : — I  have  not  tested  any  of  the  makes  other 
than  ours  as  to  friction. 

Installation 

Mr.  Scarratt: — Are  there  any  points  regarding  the 
installation  of  the  air  cleaner  that  it  would  be  to  our 
advantage  to  know? 

Mr.  Clark: — The  object  in  installing  an  air  cleaner 
is  to  get  one  with  the  greatest  efficiency  and  the  fewest 
drawbacks.  One  of  the  drawbacks  is  loss  of  power.  The 
farther  the  cleaner  is  placed  away  from  the  carbureter 
the  more  power  is  lost,  no  matter  what  system  is  used. 
Flexible  steel  tubing  is  one  of  the  best  means  of  clogging 
a  cleaner.  It  figures  about  1  hp.  lost  for  every  4  ft. 
If  the  carbureter  and  air  cleaner  must  be  connected 
with  steel  tubing,  the  closer  they  are  and  the 
straighter  the  tube  the  better.  The  cleaner  should  be 
supported  from  its  body,  not  hung  from  the  top.  Most 
cleaners  are  made  of  sheet  metal  because  of  its  light 
weight.  Hang  the  cleaner  on  the  engine  and  not  the 
engine  on  the  cleaner. 

Mr.  Scarratt: — Have  you  made  any  tests  on  the 
flexible  metal  tubing  to  determine  how  nearly  airtight 
it  is? 

Mr.  Clark: — No.  I  have  been  assured  by  makers 
that  with  packing  in  the  joints  it  is  airtight. 

Mr.  Donaldson: — I  have  heard  that  an  air  cleaner 
should  not  be  placed  in  front  of  the  breather  or  opposite 
the  flywheel  because  the  oily  vapor  it  gets  will  mix  with 
the  dust  and  clog  it. 

Mr.  Clark  : — That  is  true. 

A  Member: — Mr.  Clark  has  stated  that  in  very  hot 
weather  the  water  cleaner  tends  to  cool  the  engine. 
When  some  water  cleaners  are  used  in  cold  weather  the 
engine  cools  too  much  and  after  a  while  it  will  not  run^ 
at  ally  so  I  think  the  combined  air  and  water  cleaner  is 
an  improvement  over  the  water  type  because  even  with 
the  water  let  out  there  is  still  a  cleaner.  Otherwise  it 
would  be  necessary  to  disconnect  the  carbureter  from 
the  cleaner. 

G.  C.  Andrews: — We  formerly  made  a  number  of  oil 
separators  to  take  oil  out  of  steam.  Why  not  use  the 
principle  of  these  to  keep  dust  out  of  tractor  engines? 
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Mr.  Clark: — That  could  be  done,  but  the  volume  or 
area  you  would  have  to  use  would  be  too  great.  The 
cleaner  would  no  longer  be  an  accessory. 

Chairman  Mowry: — That  is  one  of  the  chief  points. 
The  air  cleaner  must  be  small  enough  to  fit  in  close  to 
the  engine  and  not  be  in  the  way  of  ansrthing  else.  On 
one  tractor  the  air  cleaner  is  installed  in  such  a  way  that 
to  run  on  the  belt  the  cleaner  must  come  off. 

Mr.  Scarratt: — ^And  that  is  when  it  is  needed  most. 

A  Member: — How  fast  does  the  water  revolve? 

Chairman  Mowry: — That  is  one  of  the  chief  points, 
velocity  of  the  incoming  air? 

Mr.  Clark: — That  would  be  rather  hard  to  measure. 
We  do  not  aim  at  an  air  velocity  greater  than  4500  ft 
per  min.  Whether  the  water  attains  that  speed  I  do 
not  know. 


RADIATOR  COOLING  FANS 
By  George  W  Hoyt^ 

IN  the  cooling  system  for  an  automobile  engine,  the 
water-jacket  must  be  designed  to  give  ample  capac- 
ity and  free  flow  of  the  water.  It  is  essential  that 
water-pump  capacities  and  speeds  be  flgured  to  equal 
the  radiator  capacity  so  as  not  to  retard  the  flow  of 
water  through  the  radiator  and  cause  hot  water  to  back 
up  into  the  cylinder;  the  radiator  must  always  be  kept 
full  and  still  handle  the  water  as  fast  as  the  pump 
carries  it.  Fan  locations  are  necessarily  considered 
with  relation  to  the  radiator  and  radiator  shroud.  Fan 
diameters,  blade  path  and  fan  speeds  should  be  given 
thought,  in  order  that  the  proper  volume  of  air  can  be 
handled  to  carry  heat  from  the  engine.  The  frontal 
area  of  the  radiator  core  in  square  feet  per  horsepower 
developed  by  the  engine  and  several  other  details  which 
can  be  worked  out  by  the  fan  and  radiator  manufac- 
turers should  receive  attention. 

The  best  possible  fan  bearings  must  be  used,  giving 
special  attention  to  radial  and  thrust  loads,  fan  speeds, 
etc.  Attention  should  be  given  to  the  method  of  oiling 
fan  bearings,  whether  of  ball,  plain  or  roller  type;  the 
hub  should  be  kept  tight  and  free  from  dust  Strong 
fan  mountings  or  brackets  are  desirable  to  minimize 


>Chlef  engineer,  Oakes  Co.,  Indianapolis,  Ind. 
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vibration  which  is  always  detrimental  to  all  fan  partcr. 
In  other  words,  instead  of  using  what  space  is  left  on 
the  chassis  for  fan  purposes,  far  better  results  will  be 
gained  if  the  foregoing  items  are  given  proper  atten- 
tion, thus  dissipating  the  heat  produced  by  the  engine 
in  a  satisfactory  manner.  All  necessary  information 
on  this  subject  is  at  present  available  through  the  co- 
operation of  car  and  accessory  manufacturers. 

The  several  units  which  go  to  make  up  the  cooling 
system  on  tractors,  trucks  and  passenger  cars  are  the 
water-jacket,  the  pump,  the  radiator  and  the  fan.  There 
are  important  points  in  connection  with  water-jacket  de- 
sign, such  as  length  and  size  of  jacket,  shape  of  com- 
pression chamber,  wall  thicknesses,  etc.,  and  special  at- 
tention should  be  given  to  all  of  these  to  insure  correct 
water  capacity  and  also  free  flow  of  the  water,  at  the 
same  time  making  the  necessary  arrangements  to  pre- 
vent steam  pockets. 

A  pump  will  throw  just  so  much  water.  If  the  pump 
throws  water  into  the  radiator  faster  than  the  latter 
can  handle  it,  the  water  will  bank  up  through  the  tank 
into  the  cylinder  and  be  held  there  until  it  heats.  If  the 
radiator  is  too  large,  steam  pockets  will  form,  hold  the 
steam  and  cause  overheating.  If  the  outfit  is  designed 
properly  the  pump  and  the  radiator  will  be  of  equal  ca- 
pacity. The  pump  must  be  designed  to  carry  the  water 
at  such  a  speed  that  the  radiator  can  be  kept  full  at  all 
times  and  still  not  have  any  hot  water  banked  in  the 
upper  tank  of  the  radiator,  causing  it  to  come  back  into 
the  cylinders.  It  has  been  good  practice  in  the  past,  as 
stated  by  Arthur  Modine  in  his  paper  on  Principles  of 
Tractor  Engine  Cooling,*  that  for  engines  up  to  50  hp. 
a  good  average  amount  of  water  to  handle  is  0.8  gal.  per 
hp.  per  min.  This  works  out  very  well.  There  is  one 
type  of  cooling  system,  known  as  the  thermos3rphon  cool- 
ing system,  in  which  a  water-pump  is  not  used.  The 
water  capacity  and  the  water  passages  are  such  as  to 
allow  free  circulation  of  the  water.  It  is  also  necessary 
to  have  a  good  water  head  in  the  radiator  and  above  the 
cylinders,  as  the  circulation  depends  entirely  upon  the 
hot  water  going  to  the  highest  point. 

The  radiator  is  of  equal  importance  with  all  other  units 
in  connection  with  the  cooling  system.  It  has  been  proved 
that  .if  we  get  an  approximate  frontal  area  of  from  0.08 


2See  S.  A.  E.  Transactions,  vol.  13,  part  1. 
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to  0.10  sq.  ft.  per  hp.,  we  can  be  certain  of  satisfactory 
results  so  far  as  the  radiator  is  concerned.  This  area 
depends,  of  course,  somewhat  upon  the  type  of  core,  which 
must  have  a  good  free  air-flow,  and  also  in  part  upon  the 
thickness  of  the  core.  However,  the  specification  given 
will  apply  for  average  conditions. 

Fans 

The  fan,  of  course,  plays  an  important  part  in  the 
balance  of  a  cooling  system.  There  are  many  different 
installations  on  various  makes  of  trucks,  tractors  and 
passenger  cars  throughout  the  country,  but  none  the  less 
there  is  always  one  way  of  doing  a  thing  that  is  more 
nearly  correct  than  any  other.  Among  the  engineers 
there  is  great  uncertainty  as  to  just  what  type,  size  and 
speed  of  fan  should  be  used  for  different  engines.  This 
depends  largely  upon  where  the  fan  is  to  be  used,  on 
passenger  car,  truck,  tractor  or  small  lighting  outfit.  If 
used  on  a  tractor,  special  attention  should  be  given  to 
keeping  the  fan  bearings  free  from  dust  and  grit  by  the 
use  of  good  oil-tight  construction,  and  this  oil-tight  fea- 
ture should  be  adjustable.  For  the  fans  used  on  pas- 
senger cars  or  trucks,  it  is  not  so  important  to  have  this 
adjustable  feature  on  the  belt,  although  it  is  very  good 
practice  to  get  it  if  possible.  Most  engineers  will  agree 
that  the  fan  is  given  about  as  little  attention  as  any  part 
of  the  engine,  until  trouble  with  heating  begins.  How- 
ever, much  improvement  can  be  noted  in  the  recent  de- 
signs. It  is  found  that  by  selecting  a  fan  of  proper  di- 
ameter and  speed  to  work  in  connection  with  other  units, 
such  as  the  radiator  and  pump,  we  get  far  better  results. 
If  this  is  not  carefully  looked  into,  we  may  have  a  fan 
running  too  slow  or  too  fast,  and  the  latter  would  cause 
fan  noises.  The  fan  may  be  too  small  also.  These  few 
points  are  merely  mentioned  to  make  clear  the  factors  . 
entering  into  the  design  of  a  cooling  system. 

It  is  best  practice  to  use  the  largest  fan  that  it  is  pos- 
sible to  get  in  back  of  the  radiator,  clearing  all  connec- 
tions by  at  least  ^/^  in.  It  should  be  installed  so  that  the 
outside  diameter  of  the  fan  will  not  overlap  the  upper  or 
lower  tank,  and  thus  pull  against  a  flat,  closed  surface. 
After  the  diameter  of  the  fan  has  been  determined  the 
projected  area  or  blade  path  must  be  studied,  as  this,  in 
connection  with  the  diameter  and  speed  of  the  fan,  de- 
termines the  number  of  cubic  feet  of  air  handled.  It  is 
good  practice  to  make  the  width  of  projected  area  any- 
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where  from  iy2  to  2^4  in.,  depending  entirely  upon  the 
size  of  the  engine  to  be  cooled.  It  is  sometimes  impossi- 
ble to  get  a  fan  of  large  diameter  back  of  the  radiator, 
and  in  this  case  the  thing  to  do  is  to  use  a  blade  path  as 
large  as  possible  and  still  clear  the  fan  belt  by  %  in.  We 
figure  that  this  distance  is  entirely  satisfactory  for  most 
conmiercial  purposes,  as  the  belt  must  be  kept  fairly 
tight  or  it  will  not  drive  the  fan. 

In  case  you  wish  to  carry  a  certain  volume  of  air,  say 
that  of  an  18-in.  fan  running  at  1800  r.p.m.  with  a  IV2- 
in.  width  of  projected  area,  and  cannot  get  a  fan  of  that 
size  into  the  space  back  of  the  radiator,  you  can  select 
a  smaller  fan  with  a  larger  projected  area,  giving  the 
same  volume  of  air  and  running  at  the  same  speed  from 
the  figures  given  on  the  curve  charts  for  fans  of  differ- 
ent sizes,  and  step  down  to  that.  In  other  words,  it  is 
possible  to  cut  down  the  diameter  of  a  fan,  increase  the 
size  of  the  projected  area  and  still  carry  the  required 
volume  of  air  at  a  given  speed.  Bear  in  mind  th^t  fans 
of  large  diameter  and  slow  speed  should  be  used  where 
this  is  possible.  That  is  just  our  way  of  avoiding  a 
large-diameter  fan,  since  all  radiators  will  not  accom- 
modate them.  You  can  cut  down  the  size  of  a  fan,  in- 
crease the  blade  path,  and  still  get  good  results. 

Size  of  Fan  Pulleys  and  Belts 
After  we  have  properly  determined  the  diameter  and 
width  of  a  fan  blade,  the  width  and  diameter  of  the  fan 
pulley  must  be  figured.  For  fans  up  to  16  and  18  in. 
diameter,  we  have  found  by  experiment  that  a  belt  1^ 
in.  wide  works  very  satisfactorily  where  there  is  no  other 
unit  driven  by  it  but  the  fan.  Where  the  generator  is 
driven  by  the  same  belt,  the  latter  must,  of  course,  be 
wider  and  heavier.  Fan  diameters  larger  than  those 
mentioned  take  belt  widths  up  to  2  V^  in.  While  this  is  a 
large  belt  width,  I  mention  it  because  we  are  furnishing 
it  to  some  manufacturers. 

The  width  of  the  belt  depends  upon  whether  the  fan  is 
driven  from  the  flywheel  or  from  a  small  driving  pulley, 
and  whether  the  speed  is  2500  or  1600  r.p.m.  Where  the 
pulleys  are  small  in  diameter  and  run  at  fairly  high 
speeds,  a  wide  belt  is  needed  to  prevent  slippage.  Some- 
times it  is  not  possible  to  get  a  large  degree  of  belt  con- 
tact on  the  pulley.  This  condition  calls  for  a  wide  belt, 
and  after  a  car  has  been  on  the  road  for  several  months, 
subject  to  weather  conditions,  water,  oil  and  heat,  a  lit- 
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tie  money  spent  on  belt  width  which  goes  to  keep  the 
fan  running  and  helps  to  keep  the  engine  cool,  is  well 
expended.  There  is  some  choice  between  a  crown-face 
and  a  flat-face  pulley.  It  can  be  said  that  this  depends 
somewhat  upon  the  width  of  belt.  If  it  is  possible  to  use 
a  wide  belt,  the  flat  pulley  will  work  very  well,  and  this 
is  true  of  the  belt  widths  thus  far  mentioned.  However, 
the  tests  we  have  run  show  that  a  crown-face  pulley 
is  a  little  the  better  because  it  tends  to  keep  the  belt  cen- 
tered on  the  pulley,  thereby  getting  the  benefit  of  the 
full  width  of  the  belt.  In  cases  where  the  driven  and 
driving  pulleys  are  not  absolutely  lined  up  v«nith  each 
other,  the  edge  of  the  belt  tends  to  ride  on  the  flange  of 
the  pulley  and  decreases  its  efiiciency  at  that  point. 

For  the  final  decision  on  belt  widths  the  material  must 
be  considered.  Some  materials  stretch  more  than  others 
and  cause  slippage.  Wide  belts  help  to  overcome  this 
trouble.  No  matter  how  eflicient  the  fan  may  be,  if  the 
belt  is  not  large  enough  to  do  away  with  all  the  slippage 
possible,  the  fan  will  be  more  or  less  of  a  failure  for 
«;ooling  purposes.  If  the  belt  is  of  proper  width  and  the 
fan  diameters  are  selected  as  has  been  suggested,  the 
fan  proposition  is  pretty  well  taken  care  of  to  this  point. 

We  have  now  practically  determined  the  diameter  and 
length  of  the  fan,  and  it  becomes  necessary  to  settle  the 
diameter  of  the  fan  pulley.  Before  this  can  be  decided, 
it  is  necessary  to  know  the  approximate  amount  of  air 
to  be  carried,  and  from  past  tests  in  the  laboratory  and 
the  tests  of  radiator  manufacturers  we  have  found  that 
for  engines  up  to  50  hp.  there  should  be  an  air  velocity 
through  the  radiator  of  from  1500  to  1800  ft.  per  min. 
This  depends,  of  course,  upon  the  size  of  engine  to  be 
cooled.  The  smallest  pulley  used  should  not  be  less  than 
2y2-in.  diameter,  where  it  is  at  all  possible  to  install  this 
and  not  interfere  with  any  other  part  of  the  engine. 
Pulleys  smaller  than  this,  as  I  have  said,  are  very  likely 
to  allow  belt  slippage  and  decrease  fan  speed  consider- 
ably. The  fan  speed  will,  of  course,  vary  with  its  size 
and  the  amount  of  air  to  be  carried,  but  in  general  a 
large  fan  running  at  slow  speed  is  more  efficient. 

The  fan  proposition  then  can  be  stated  briefly.    The 
fan  pulley  must  be  of  such  a  diameter  that  in  connec- 
tion with  the  diameter  and  speed    of   the   fan    driving  . 
pulley  the  fan  will  rotate  fast  enough  to  carry  the  re- 
quired volume  of  air,  and  the  driving  pulley  must  be 
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large  enough  to  allow  a  fan  pulley  diameter  of  at  least 

2»/2  in. 

Fan  Locations 

Some  manufacturers  use  a  fan  shroud  on  their  car 
radiators;  others  do  not.  The  location  of  the  fan  de- 
pends upon  its  use.  Without  a  shroud,  the  fan  should  be 
placed  with  the  front  edge  of  the  blades  %  in.  from  the 
back  of  the  radiator  core.  This  is  done  so  that  there  will 
be  as  little  lost  effort  in  drawing  air  through  all  sections 
of  the  radiator  as  when  a  fan  is  more  than  %  in.  from 
the  radiator.  The  fan  will  pull  the  air  from  the  top  and 
sides  of  the  hood  instead  of  through  the  comers  of  the 
radiator.  This  distance  is  also  great  enough  to  insure 
quiet  operation  and  to  allow  for  regular  shop  variations 
without  interference  with  the  radiator.  The  location 
just  explained  is  satisfactory  for  blowing  air  as  well  as 
drawing  air  through  the  radiator,  when  not  using  a  fan 
shroud. 

When  using  a  shroud  and  drawing  air  through  the 
radiator,  the  front  edge  of  the  fan  blades  should  be  2  in. 
away  from  the  back  of  the  radiator  core,  and  the  shroud 
should  be  designed  so  that  its  back  edge  will  come  flush 
with  the  back  edge  of  the  fan  blades,  with  about  %-in. 
clearance  between  shroud  and  fan.  While  that  clearance 
is  shown  on  each  side,  it  would  be  necessary  for  belt 
tension  and  tightening  to  make  it  possibly  %  in.  on  one 
side  and  a  little  more  on  the  other  side,  to  permit  ad- 
justment of  the  belt.  If  a  fan  is  set  closer  than  2  in. 
to  the  radiator  when  using  a  shroud,  it  becomes  as 
noisy  as  when  operating  in  a  shallow  pocket.  The  air 
has  no  chance  to  spread  and  take  a  fi;ee  course  through 
the  fan.  We  find  from  tests  that  a  fan  placed  with  a 
2-in.  clearance  vjdll  give  very  good  results.  It  has  more 
room  in  which  to  draw  air  through  the  comers  of  the 
radiator  and  is  fairly  quiet.  The  shroud,  however,  is  not 
the  sole  reason  for  the  increased  efficiency. 

There  should  be  a  number  of  louvers  of  proper  size  in 
the  sides  of  the  hood  to  permit  the  warm  air  to  escape. 
Attention  should  be  given -also  to  the  location  of  the  floor- 
boards or  anything  that  would  tend  to  increase  resistance 
against  the  fan.  All  these  different  pieces  should  be  de- 
signed and  placed  in  such  a  way  as  to  allow  the  free  flow 
and  escape  of  warm  air  under  the  hood. 

There  is  on  other  point  to  consider  in  the  design  of 
the  fan  shroud  on  a  radiator.    The  shroud  should  be  as 
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free  as  possible  from  angles,  as  these  bank  the  air  and 
hold  it  in.  When  a  shroud  overlaps  the  back  of  the  fan 
blades,  it  will  not  allow  the  air  to  get  away  from  the  fan 
and  even  forces  it  back  through  the  comers  of  the  radi- 
ator. A  fan  is  often  placed  with  relation  to  the  shroud 
so  that  half  of  the  blade  width  will  extend  into  the  shroud 
and  half  back  of  the  shroud.  With  this  location  air  is 
drawn  in  all  around  the  end  of  the  blade,  and  one-half 
of  the  blade  draws  warm  air  from  the  engine  under  the 
hood  and  tends  to  keep  this  air  circling  around  the  end 
of  the  blade  and  decrease  the  amount  of  air  handled. 

There  are  other  locations  of  a  cooling  fan  such  as  plac- 
ing it  in  front  of  the  radiator  when  the  radiator  is  in 
front  of  the  engine.  In  this  case  the  air  should  be  blown 
through  the  radiator  and  at  the  same  time  carry  away 
the  hot  air  of  the  engine  as  if  it  were  drawn  through  the 
radiator.  With  the  fan  in  this  position  the  hot  air  would 
be  pulled  through  the  radiator  and  have  a  tendency  to 
warm  the  water  instead  of  to  cool  it.  There  is,  moreover, 
the  objection  to  placing  a  fan  in  front  of  the  radiator, 
that  if  both  are  not  properly  protected,  the  fan  draws 
in  dirt  and  weeds  from  the  field  and  is  likely  to  fill  the 
radiator  to  such  an  extent  as  to  decrease  the  chance  of 
cooling  the  engine.  When  a  fan  is  used  in  front  of  the 
radiator  and  a  shroud  is  not  employed,  the  fan  is  best 
located  to  force  all  the  air  possible  through  the  radiator. 
If  it  is  necessary  to  use  a  shroud  with  the  fan  in  front  of 
the  radiator,  we  have  found  it  to  be  very  good  practice 
to  locate  the  fan  as  shown  at  the  left  of  the  drawing  on 
page  763.  This  location  has  proved  to  be  best,  as  the 
fan  draws  in  air  all  around  the  end  of  the  blade,  being 
located  with  the  front  edge  %  in.  inside  of  the  shroud 
to  keep  from  spreading  the  air  outside  the  shroud,  and 
at  the  same  time  leave  the  largest  part  of  the  blade 
out  in  the  open  air,  drawing  in  the  maximum  amount  of 
air  it  can  handle.  By  placing  the  fan  in  this  case  1^^  in. 
back  from  the  radiator,  enough  space  is  allowed  between 
fan  and  radiator  to  spread  the  air  so  that  it  will  pass 
through  the  comers  of  the  radiator  as  well  as  thei  center. 
Bear  in  mind  that  we  allow  the  fan  to  project  outside  of 
the  shroud  for  the  simple  reason  that  it  is  not  under  the 
hood.  If  it  were  under  the  hood  we  would  put  it  entirely 
inside  and  it  would  then  draw  the  hot  air  as  already 
explained.  We  want  to  place  it  far  enough  back  to  draw 
in  the  cool  air. 

For  tractor  purposes,  I  suggest  the    use   of    a   fan 
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shroud,  since  the  maximum  amount  of  cooling  capacity 
is  needed  and  this  secures  a  gain  of  about  10  per  cent, 
due  to  the  fact  that  air  can  be  drawn  through  the  extreme 
comers  as  well  as  any  other  section  of  the  radiator.  If, 
however,  a  fan  shroud  is  not  well  designed  as  to  shape, 
length  and  diameter,  it^can  do  more  harm  than  good. 

In  considering  which  way  or  in  what  direction  air 
should  flow  through  the  radiator,  it  is  well  to  bear  in 
mind  that  we  must  avoid  drawing  hot  air  off  the  engine, 
as  this  will  decrease  efficiency.  For  a  radiator  placed 
beside  the  engine  the  fan  location  should  be  the  same 
as  when  it  is  in  front.  There  is  one  more  location  for 
a  radiator,  and  that  is  back  of  the  engine  and  at  the  dash. 
In  most  cases  it  is  necessary  to  place  the  fan  back  of  the 
radiator  and  drive  it  from  the  fljrwheel  or  propeller-shaft. 
The  real  objection  to  this  location  is  that  in  most  designs 
it  backs  up  so  close  to  the  floor-boards  that  it  is  impos- 
sible to  get  maximum  efficiency  from  the  fan.  However, 
the  direction  of  air  flow  should  be  such  that  warm  air 
will  not  pass  through  the  radiator  from  the  engine. 

There  is  one  point  that  I  want  to  make  clear  with 
reference  to  the  volume  charts.  Tests  were  made  with 
a  pitot  tube  and  manometers,  using  gasoline  in  the  latter. 
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Static  pressures  as  well  as  the  velocity  pressures  were 
taken  into  consideration  in  reading  the  height  of  the 
gasoline  column.  The  fans  were  driven  by  a  5-hp.  engine 
and  were  tested  in  an  air  tunnel  15  ft.  long,  tapered  down 
to  16  in.  in  diameter.  At  the  same  time  the  volume  test 
was  made.  We  are  also  equipped  to  determine  the  end- 
thrust  of  the  fan  and  the  horsepower  consumed  in 
driving  it.  The  pitot-tube  test  is  considered  the  most 
accurate  for  determining  velocities  of  air  handled  by 
fans,  and  these  should  not  in  any  case  be  compared  with 
values  secured  by  the  use  of  the  anemometer,  as  the  lat^ 
ter  are  approximate  only  for  velociti_es  ajs  low  as  1000  to 
1500  ft.  per  min.  and  these  velocities  can  be  obtained  by 
the  average-size  fan  at  speeds  as  low  as  800  to  1000 
r.p.m 

Fan  Bearings 

The  first  thing  to  consider  before  selecting  the  type  of 
bearing  to  be  adopted  is  the  load  it  will  have  to  stand. 
The  radial  load  on  a  fan  bearing  is  the  weight  of  the 
hub,  blades,  spider  and  all  parts  that  will  revolve  on  these 
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bearings,  plus  the  weight  caused  by  the  tightening  of 
the  fan  belt  to  secure  a  drive  without  slippage.  In  addi- 
tion to  this  there  is  another  load  which  is  a  very  im- 
portant factor.  It  is  a  well-known  fact  that  the  work  of 
a  fan  is  to  draw  or  blow  the  air  through  the  radiator 
and  get  rid  of  this  air  properly  so  that  it  will  not  bank 
up  and  decrease  the  fan  efficiency.  In  doing  this  work 
a  large  percentage  of  the  load  on  the  fan  bearing  be- 
comes end-thrust.-  In  the  past  there  seems  to  have  been 
a  certain  difference  of  opinion  among  engineers  as  to  the 
amount  of  end-thrust  caused  by  carrying  different  vol- 
umes of  air.  There  are  three  points  which  must  always 
be  considered  in  determining  this,  fan  diameter,  the  prcn 
jected  area,  or  blade  path,  and  the  speed  of  the  fan. 
An  18-in.  fan  with  a  iy2-in.  projected  area,  running  at 
2000  r.p.m.  will  produce  an  end-thrust  much  less  in 
amount  than  the  same  fan  with  a  2% -in.  projected  area 
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running  at  the  same  speed.  A  fan  running  in  the  open 
air  unrestricted  will  produce  a  certain  amount  of  end- 
thrust,  but  when  placed  back  of  a  radiator,  between  it 
and  the  dash  and  under  a  hood,  this  thrust  is  increased 
about  25  per  cent.  The  amount  of  increase  depends,  of 
course,  upon  the  amount  of  restriction  of  the  air.  The 
air  will  flow  through  some  radiators  more  easily  than 
through  others;  some  engine  hoods  have  better  air  out- 
lets than  others,  which  tends  to  vary  the  thrust. 

A  straight  roller  bearing,  if  used  with  a  hardened  and 
ground  outer  sleeve  and  spindle,  will  make  a  very  satis- 
factory bearing  for  taking  care  of  the  radial  load,  but 
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some  special  arrangement  must  be  made  to  take  care  of 
end-thrust,  the  amount  of  which  is  such  that  it  should 
have  a  ball  bearing.  A  22-in.  fan  with  2V4-in.  projected 
area  running  at  2000  r:p.m.  and  carrying  a  volume  X)f 
air  of  6890  cu.  ft»  per  min.,  will  produce  an  end-thrust 
of  about  20  lb.  carrying  this  through  a  16-in.  tunnel. 

About  one  out  of  every  ten  people  who  own  and  drive 
cars  ever  oils  the  fans,  but  if  a  plain  washer  thrust-bear- 
ing does  not  get  oil  it  soon  becomes  loose  and  noisy.  A 
ball  thrust-bearing  of  course  wears  out  in  time,  but  there 
is  no  doubt  that  there  is  less  friction  in  it  than  in  the 
plain  bearing.  Engineers  who  have  had  experience  with 
end-thrust  bearings  will  agree  that  the  ball  end-thrust 
makes  much  the  higher  grade  construction.  The  amount 
of  end-thrust  can  be  found  in  the  curves. 

The  proper  size  of  annular  ball  bearing  for  fan  pur- 
poses will  give  satisfactory  results  and  carry  both  radial 
and  end-thrust  loads,  but  it  must  be  kept  properly  oiled. 

The  cup  and  cone  type  bearing  is  by  far  the  most  pop- 
ular, about  75  per  cent  of  the  fans  used  today  being 
equipped  with  it,  which  is  proof  of  its  efficiency.  It  is 
adjustable  for  both  radial  load  and  end-thrust.  Properly 
made  and  adjusted  it  will  run  longer  under  the  abuse 
that  a  fan  gets  than  any  other  type  of  fan  bearing,  with 
the  possible  exception  of  an  annular  one.  These  two 
bearings  are  very  much  alike,  as  far  as  carrying  load  is 
concerned,  except  that  one  is  adjustable  and  the  other  is 
not.  It  is  possible  that  the  cup  and  cone  bearing  needs 
a  rather  delicate  adjustment  to  work  properly  and  be  a 
life-long  proposition,  but  this  is  true  of  any  adjustable 
bearing.  Plain  washers  must  not  be  clamped  too  tightly 
or  they  will  score  and  bind;  if  they  are  too  loose  they 
will  rattle;  hence  special  attention  should  be  given  in 
both  cases. 

The  essential  for  long-life  fan  bearings  is  to  make  the 
hub  as  tight  as  possible  so  that  the  oil  can  be  kept  in  and 
the  dust  out.  To  accomplish  this,  the  hub  must  be  de- 
signed to  hold  a  good  amount  of  oil  or  grease  and  the  felt 
washer  retainers  adjustable.  A  felt  washer  that  has 
no  adjustment  will  in  time  wear  large  around  the  shaft 
and  become  oil-soaked  to  such  an  extent  that  it  gets  soft 
and  worse  than  no  washer  at  all.  If  we  have  an  adjust- 
ment, the  felt  can  be  kept  tight  to  the  shaft  and  the  oil 
kept  out  of  the  felt,  thereby  getting  a  much  tighter  fan 
hub.  We  put  adjustable  felt  washer  retainers  on  the  dif- 
ferential carriers  of  a  rear  axle,  or  on  front  wheel  and 
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transmission  bearings  to  keep  the  washers  tight;  and 
this  is  needed  also  on  the  fan  hub,  which,  bear  in  mind, 
has  the  highest  speed  of  any  part  of  the  engine. 

Conclusions 

I  hope  I  have  made  clear  the  points  to  which  special 
attention  should  be  given  in  laying  out  a  cooling  system, 
and  the  reasons  for  these.  No  one  unit  can  do  all  the 
engine  cooling;  all  units  must  be  designed  and  adapted 
to  each  other.  I  suggest  that  manufacturers  of  motor 
vehicles  cooperate  with  the  accessory  mnufacturers  to 
such  an  extent  that  the  latter  can  help  to  solve  mechanical 
difficulties,  since  there  is  no  particular  fan  or  pump 
or  radiator  that  will  meet  all  the  different  conditionSy.'and 
thereby  give  the  maximum  a^iount  of  efficiency. 

THE  DISCUSSION 

A  Member: — Is*  there  any  particular  advantage  in 
making  the  contour  of  the  fan  an  arc? 

Mr.  Hoyt: — ^We  have  made  a  number  of  fans  with  just 
a  flat  blade.  To  make  this  blade  strong  and  free  from 
vibration  we  had  to  put  a  rib  or  groove  on  it,  which  being 
on  the  air-driving  side  decreased  the  efficiency  to  a  cer- 
tain extent.  We  can  get  a  much  stronger  and  at  the  same 
time  more  efficient  blade  by  making  the  curve,  since  we 
do  not  have  to  groove  it.  In  the  tests  we  made  in  our 
experimental  work  we  found  we  got  a  stiffer  blade  and 
one  that  did  not  retard  the  flow  of  air. 

A  Member: — ^What  angle  do  you  use? 

Mr.  Hoyt: — ^We  have  angles  of  30  deg.;  that  is,  the 
radius  is  3  in.  and  the  arc  is  on  a  30-deg.  angle. 

A_Member: — ^What  minimum  clearance  do  you  allow 
between  the  fan  and  the  inside  of  the  shroud  where  you 
have  an  eccentric  for  taking  up  the  belt? 

Mr.  Hoyt: — It  is  good  practice  to  allow  for  taking  at 
least  iy2  in.  out  of  the  belt  length,  and  to  do  this  the 
centers  should  be  changed  %  in.  on  each  side  of  the  belt. 

Chairman  H.  C.  Buffington  :^What  effect  has  the 
square  comer  of  a  shroud  on  the  drawing  in  of  the  air? 

Mr.  Hoyt  : — The  comers  do  not  make  much  difference. 
It  is  well  to  make  the  shroud  as  nearly  square  as  pos- 
sible so  that  the  fan  will  be  equally  spaced  in  height  as 
well  as  in  width.  The  great  point  on  the  fan  shroud  is 
the  angle  from  the  radiator  to  the  back  of  the  shroud. 
I  have  shown  this  straight  merely  for  simplicity. 
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Chairman  Buffington  : — What  I  had  in  mind  was  the 
possibility  of  creating  a  sort  of  eddy  where  the  air 
would  blow  back  through  the  radiator  at  the  comers. 

Mr.  Hoyt: — ^You  will  not  have  that  to  any  great  extent 
if  you  place  the  back  of  the  fan  shroud  flush  vnth  the 
back  of  the  blades.  It  hits  that  angle  of  the  shroud  and 
returns.  In  my  work  I  have  tested  this  with  some  light 
material  and  I  find  it  will  pull  in  the  center  of  the  radi- 
ator and  blow  away  at  the  corners. 

A  Member: — I  notice  that  in  one  case  the  air  is  drawn 
in  from  the  outside  of  the  fan  blades.  In  tests  I  have 
made  with  fans  I  have  always  found  the  opposite  to  be 
true.  I  have  blown  smoke  into  the  front  of  the  fan  and 
had  it  thrown  away  from  the  blades. 

Mr.  Hoyt  : — The  trouble  was  that  you  used  pretty  light 
material.  There  is  so  much  air  carried  into  and  whirled 
around  in  the  fan  that  it  would  be  almost  impossible  to 
determine  the  flow  of  air  definitely  from  your  experi- 
ment. The  test  from  which  the  curve  was  derived  was 
made  with  an  anemometer.  The  curved  blade  creates  a 
vacuum  in  the  back  of  the  blade.  It  is  a  thing  hard  to 
explain  but  it  can  be  shown  nicely  with  the  anemometer. 

A  Member: — Is  there  not  a  critical  speed  for  fans? 

Mr.  Hoyt: — ^We  do  not  recommend  fan  speeds  higher 
than  2000  r.p.m.  with  the  engine  traveling  at  the  average 
speed.  In  passenger  cars  with  engines  that  will  run  up 
as  high  as  2000,  2100  or  2200  r.p.m.  on  the  road,  the  fan 
speed  will  be  3000  to  3500  r.p.m.,  but  these  conditions 
exist  only  at  the  highest  speeds  and  do  not  last  long 
enough  to  do  harm.  A  fan  will  run  much  higher  than 
an  engine  can  force  it,  if  consideration  is  given  to  the 
speed. 

A  Member: — ^What  would  be  the  difference  between  an 
18-in.  fan  with  iy2-in.  projected  area  and  a  15-in.  fan 
with  2-in.  projected  area? 

Mr.  Hoyt: — If  the  same  volume  of  air  is  carried, 
there  is  not  much  difference  in  horsepower.  I  think  the 
larger  fan  would  take  more  horsepower.  That  particular 
point  is  shown  on  the  charts. 

A  Member: — ^When  you  increase  the  projected  area,  do 
you  not  also  increase  the  width  of  the  blade? 

Mr.  Hoyt  : — That  depends  upon  how  far  we  go.  With 
our  spiders  we  can  increase  from  1%  to  1%  in.  by  using 
a  3  and  3  5/16-in.  blade  width.  If  we  go  above  these 
dimensions  we  have  to  use  a  4-in.  blade.  That  is  the 
width  of  the  blade  making  214-in.  projection. 
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A  Member: — How  many  blades  do  you  find  necessary? 

Mr.  Hoyt: — Our  best  results  have  been  secured  with  a 
four-blade  fan.  We  can  go  as  high  as  five  blades  and  not 
have  any  great  amount  of  trouble.  Six  or  eight  blades 
are  too  many;  they  chop  up  the  air,  and  leave  the  space 
between  the  blades  too  small.  We  find  that  for  produc- 
tion, efficiency  and  speed  the  four-blade  fan  is  satisfac- 
tory. We  can  go  to  two  blades,  but  here  the  speed  has  to 
be  increased  to  such  an  extent  that  the  bearings  suffer. 

Mr.  Nelson  : — Suppose  you  curve  the  end  of  the  blade 
a  little  on  the  farther  comer,  making  it  like  a  cen- 
trifugal fan;  would  it  not  have  a  tendency  to  push  air 
out  instead  of  drawing  it  in? 

Mr.  Hoyt: — It  would  make  a  difference,  but  I  cannot 
say  just  what  it  would  be,  as  I  have  not  tried  out  that 
shape. 

A.  W.  SCARRATT: — I  have  always  believed  that  a  fan 
is  purely  and  simply  a  propeller,  and  the  efficiency  of  it, 
therefore,  the  direct  result  of  the  thrust  capacity  it  is 
able  to  develop.  In  every  type  of  .prc^eller  now  consid- 
ered efficient  the  spiral  form  of  blade  is  used.  Why  does 
that  type  of  blade  not  succeed  in  ordinary  fan  design? 

Mr.  Hoyt  : — The  propeller  type  of  blade  is  a  good  prop- 
osition, and  I  know  of  at  least  two  firms  that  are  using  it 
for  new  fans.  It  requires  an  elaborate  set  of  dies,  which 
adds  to  the  initial  cost,  and  is  somewhat  heavier,  but 
it  is  as  efficient  as  the  other  type  of  fan.  The  curved 
type  of  blade  gives  a  good  stiff  fan,  which  was  our  rea- 
son for  using  it. 

Louis  Schwitzer: — Mr.  Hoyt's  statements  with  regard 
to  end  thrust  appear  questionable  to  me  and  the  charts 
showing  the  amount  of  it  seem  somewhat  misleading.  He 
says  that  a  fan  running  in  free  air  will  produce  a  certain 
end  thrust,  but  that  when  this  fan  is  placed  back  of  a 
radiator  the  end  thrust  is  increased  about  25  per  cent, 
depending  upon  the  restriction  of  the  air  passage.  It  is 
a  fact  established  upon  a  physical  law  that  the  pressure 
exerted  by  a  moving  air  column,  the  end  thrust,  is  a  direct 
function  of  the  air  velocity.  In  other  words,  with  an 
increase  of  the  air  velocity  the  pressure,  or  end  thrust, 
increases.  If  a  fan  is  placed  behind  a  radiator,  the  air 
velocity  produced  by  the  fan  is  considerably  less  than 
in  free  air,  on  account  of  the  air-passage  restriction. 
If  Mr.  Hoyt's  contentions  are  correct,  with  the  air  intake 
restricted  to  such  an  extent  that  no  air  could  be  deliv- 
ered, the  end-thrust  load  would  be  infinitely  large.    This 
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would  be  unreasonable,  because  the  pressure  exerted  by 
a  moving  air  column  per  square  foot  is 

Pt  =  5.2  h;  where 
P  =  the  pressure  in  pounds 
t  =  the  time  in  seconds 
h  =  the  velocity-head  in  inches  of  water 

The  velocity  of  air  in  feet  per  minute  is 

V  =  4000vTor,fc  =  j^;5^ 
From  this  formula 


Pt  =  5.2  X 


16,000,000 


This  shows  that  the  pressure  exerted  by  a  moving  col- 
umn of  air  is  practically  in  direct  proportion  to  the  square 
of  the  velocity. 

Mr.  Ho3rt  states  that  he  made  the  tests  to  determine 
the  end-thrust  load  by  using  an  indicator  on  the  end  of 
a  5-hp.  electric  motor  shaft,  to  which  the  fan  blade  was 
directly  coupled.  In  my  opinion  the  only  way  to  measure 
the  end-thrust  load  on  a  propeller-type  fan  is  to  measure 
it  directly  on  the  fan.  This  can  be  done  either  by  meas- 
uring the  pressure  of  the  air  column  delivered  by  the  fan, 
or  by  mounting  the  fan  movably  on  its  spindle  so  that  it 
exerts  its  pressure  on  a  scale,  through  its  motion  in  the 
opposite  direction  from  that  of  the  air  current.  It  is  also 
a  very  easy  matter  to  determine  the  end-thrust  loads  by 
the  horsepower  input  to  the  fan  and  the  air  velocity  thus 
produced.  The  charts  in  the  original  paper  also  show 
that  the  end  thrust  drops  faster  than  does  the  air  vdoc- 
ity;  in  other  words,  by  restricting  the  inlet  the  end- 
thrust  load  will  be  diminished  faster  than  the  air  veloc- 
ity diminishes.  All  of  these  curves  show  end-thrust  loads 
of  fans  moving  in  free  air.  The  manufacturer  is  more 
interested  in  knowing  what  end-thrust  loads  are  produced 
in  a  fan  behind  a  radiator,  than  in  those  obtained  in  free 
air  or  in  a  wind  tunnel. 

From  actual  tests  and  measurements  on  nearly  400  dif- 
ferent makes  of  passenger  cars,  trucks  and  tractors,  I 
have  found  that  on  about  80  per  cent  of  these  the  maxi- 
mum average  air  velocities  obtained  through  the  radiator 
are  below  1500  ft.  per  min.,  on  about  17  per  cent  they  are 
between  1500  and  1900  ft.  per  min.  and  on  only  3  per  cent 
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are  they  above  2000  ft.  per  min.  The  highest  velocity  I 
ever  found  was  2200  ft.  per  min.  These  are  the  air  veloc- 
ities that  must  be  taken  into  consideration  in  determining 
the  end-thrust  loads  in  radiator  fans  under  actual  operat- 
ing conditions.  It  will  be  found  from  Mr.  Hoyt's  charts 
that  on  a  16-in.  fan,  considering  even  the  maximum  ob- 
tainable average  air  velocity  of  2000  ft.  per  min.,  the  end- 
thrust  load  will  not  be  mwe  than  3  lb. ;  on  an  18-in.  fan 
it  will  be  about  3^4  lb.,  and  for  20  and  22-in.  fans  Mr. 
Hoyt  does  not  show  air  velocities  as  low  as  the  maximum 
Velocities  actually  obtained  with  these  sizes  of  fans  on 
automotive  vehicles.  In  the  case  of  the  22-in.  fan  the 
velocity  and  end-thrust  curves  start  with  2600  ft.  per 
min.  and  a  corresponding  end  thrust  of  about  6.8  lb.  I 
believe  that  no  truck  or  tractor  can  be  found  where  air 
velocities  of  2600  ft.  per  min.  through  the  radiator  can 
be  measured.  In  passenger  cars,  where  this  or  higher 
air  velocities  through  the  radiator  can  be  produced,  it  is  * 
only  d6ne  at  high  vehicle  speed.  At  these  speeds,  how- 
ever, the  initial  air  velocities  produced  by  the  motion  of 
the  vehicle  tend  to  drive  the  fan  and  balance  the  end 
thrust  produced  by  the  fan  itself.  In  any  event,  it  is 
shown  by  the  charts  that  the  end-thrust  loads  in  radiator 
fans  for  the  air  velocities  actually  produced  in  automo- 
tive apparatus,  will  not  exceed  2  to  3  lb.  in  16-in.,  8  to  4 
lb.  in  18-in.  and  4  to  5  lb.  in  20  and  22-in.  fans.  This 
is  one  of  the  reasons  why  plain  end-thrust  arrangements 
have  stood  up  so  remarkably  well  in  the  field,  as  well  as 
in  laboratory  tests  up  to  an  equivalent  of  100,000  miles 
of  driving. 

With  regard  to  the  bearing  question,  a  great  many  of 
the  cup-and-cone  type  have  been  used,  but  their  life  is 
short,  especially  when  they  are  abused.  To  drop  a  fan 
with  cup-and-cone  bearings  upon  the  floor,  or  to  drive  it 
with  only  slight  force  into  its  supporting  bracket,  means 
the  destruction  of  the  races.  Such  bearings  are  also  ad- 
justable and,  therefore,  the  matter  of  adjustability  enters 
into  the  question.  It  takes  an  expert  to  know  when  these 
bearings  are  properly  adjusted,  and  when  not  in  proper 
relation  with  each  other  they  are  noisy  and  deteriorate 
rapidly.  Slight  wear  lessens  the  eflkiency  of  such  bear-, 
ings  and  carrying  an  end-thrust  load  in  addition  to  the 
radial  load  results  in  considerably  less  radial-load  carry- 
ing-capacity, which  is  the  main  load  to  be  taken  care  of 
in  cooling  fans.  The  same  arguments  apply  to  annular- 
ball  end-thrust  bearings.    Plain  end-thrust  bearings  with 
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an  automatic  adjustment  according  to  the  end-thrust 
load  are  the  most  successful  according  to  a  test  recently 
made  in  which  the  plain  end-thrust  bearing  ran  for  109 
hr.  at  1500  r.p.m.,  without  lubricant,  with  only  a  few 
score-marks,  while  the  cup-and-cone  bearing  lasted  only 
11  hr.  under  exactly  the  same  conditions. 

Mr.  Hoyt  states  correctly  that  about  one  out  of  ten 
people  who  drive  cars  ever  oils  the  fan.  Much  less  will 
they  adjust  stuffing-boxes,  especially  when  these  require 
special-size  wrenches  and  are  inaccessible.  With  ad- 
justable stuffing-boxes  the  felt  invariably  squeezes  out 
between  the  shaft  and  the  stuffing-nut,  thus  providing  a 
wick  oiler  to  drain  the  oil  to  the  outside.  Self-contained 
felt  arrangements  on  the  inside  of  the  hub,  which  throw 
the  oil  they  wipe  off  the  shaft  back  into  the  bearing  are, 
in  my  opinion,  the  most  simple  and  successful  type. 

With  regard  to  the  distance  of  the  fan  from  the  radi- 
ator, it  is  not  practicable  to  define  this  distance  specific- 
ally. The  most  efficient  distance  depends  upon  the  type 
of  radiator  core  with  regard  to  its  air  resistance,  upon 
its  size  relative  to  the  diameter  of  the  fan  and  wheliier 
the  fan  is  with  or  without  a  shroud.  In  the  tests  at 
Washington,  with  which  I  was  connected,  I  found,  for 
instance,  that  a  20-in.  fan  behind  a  25  by  26-in.  radiator 
showed  highest  air  velocity  through  the  radiator  at  a 
distance  of  l^y4  in.,  while  the  same  fan,  within  a  shroud, 
behind  the  same  radiator,  showed  the  maximum  efficiency 
at  a  distance  of  about  3  in.  from  the  radiator.  This  effi- 
ciency was  barely  influenced  by  moving  the  fan  either 
1  in.  toward  or  away  from  the  radiator  core.  I  contend 
that  the  best  distance  should  be  determined  by  experi- 
ment in  each  individual  case. 
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TRACTOR   DRAWBAR   IMPLEMENTS 
AND  THEIR  HITCHES 

By  F  N  G  Kranich^ 

THE  author  believes  a  more  thorough  understand- 
ing of  the  functions  and  use  of  drawbar  imple- 
ments is  necessary.  The  tractor  is  incidental  to  agri- 
culture. The  implements  used  with  tractors  do  the 
actual  work  and  the  tractor  is  a  means  to  that  end. 
Many  tractors  are  sold  on  the  quality  of  work  done  by 
the  implements,  and  not  because  of  their  own  work. 
Many  a  tractor  is  condemned  because  the  implement 
combination  is  not  correct.  The  amount  of  draft  of 
plows  must  be  thoroughly,  understood.  Good  plowing- 
requires  considerably  more  power  than  poor  plowing, 
although  done  at  the  same  depth  and  width.  Turning 
the  same  number  of  square  inches  of  furrow  section 
will  in  one  case  require  from  20  to  30  per  cent  more 
power  than  in  another. 

The  tractor  maker  is  not  as  familiar  with  the  prob- 
lem of  hitching  to  implements  as  he  should  be;  he  feels 
that  the  implement  is  only  incidental,  can  be  hitched 
anywhere  and  still  give  good  results;  his  principal 
object  is  to  produce  a  tractor  that  will  operate  and  pull 
implements.  This  idea  is  wrong.  There  is  no  one 
point  on  a  tractor,  either  vertically  or  horizontally, 
that  will  serve  as  a  hitching  place  for  all  implements 
and  serve  them  equally  well.  It  is  the  implement  that 
must  be  griven  the  consideration  it  deserves,  for  correct 
performance. 

If  tractor  designers  devoted  more  attention  to  the 
implements  that  tractors  are  to  haul,  trying  to  meet 
.  conditions  as  they  are,  more  progress  would  be  made, 
the  combinations  would  serve  the  farmer  better,  power 
farming  would  become  better  established  and  better 
results  would  be  obtained  from  the  combination  of 
tractors  and  implements. 

The  implements  that  go  with  a  tractor  have  appar- 
ently not  as  a  class  received  the  consideration  due  to 
them.  We  see  advertisements  of  the  tractor  every- 
where. Pictures  of  tractors  are  published  with  de- 
tails underneath  of  an  excellent  job  of  plowing  or  per- 

'Agrlcultural  engineer,  Hyatt  Roller  Bearing  Co.,  Chicago,  III. 
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feet  disking;  pictures  of  them  harvesting  and  a  legend 
of  the  excellent  job  of  harvesting  being  done. 

All  this  seems  to  me  a  rather  false  pretense, 
because  it  is  the  implement  that  really  does  the 
work  the  farmer  has  to  do,  and  although  the  tractor  draws 
it  or  pushes  it,  whichever  the  case  may  be,  the  work 
that  is  being  done  by  the  implement  makes  for  the  suc- 
cess of  the  powerplant  as  a  whole.  At  a  demonstration 
the  farmer  will  invariably  look  at  the  job  of  plowing. 
In  fact,  it  is  not  uncommon  to  find  that  tractors  are 
purchased  because  of  a  job  of  plowing  that  was  done 
by  the  plow.  That  alone  ought  to  bring  us  to  a  fuller 
realization  of  the  fact  that  the  implement  which  goes  with 
the  tractor  is  a  big  part  of  the  program  we  have  to 
work  out. 

I  have  heard  tractor  designers  say  that  they  had  not 
thought  of  making  certain  parts  to  suit  farm  machines, 
because  these  were  part  of  the  implement  and  the  imple- 
ment men  could  readily  adapt  the  implement  to  suit  the 
tractors.  I  believe  that  the  sooner  we  realize  that  the 
implement  has  a  function  to  perform  as  important  as 
that  of  the  tractor  which  furnishes  the  power,  the  better 
it  will  be  for  the  industry  as  a  whole.  We  all  know  of  a 
great  many  implements  that  cause  loss  and  make  trouble 
for  the  tractor.  Much  of  this  is  due  to  the  way  in  which 
the  combination  goes  together;  in  other  words,  the  way 
it  is  hitched.  The  whole  program  of  feeding  the  world, 
which  we  have  in  agriculture,  is  largely  dependent  on 
the  work  of  farm  implements.  They  really  do  the 
farming. 

Importance  of  Machinery  in  Farming 

The  history  of  the  nation  as  a  whole  is  nothing  more 
than  the  history  of  its  agriculture  and  consequently  of 
its  farm  machinery.  Go  back  as  far  as  we  may,  we  find 
that  civilization  has  grown  only  as  fast  as  farm  ma- 
chinery has  been  developed.  Farming  machinery  governs 
the  growth  of  agriculture  and  is  far  more  important  in 
the  program  we  are  concerned  with  than  the  tractor. 

The  value  of  the  implement  as  an  accessory  to  the 
farmer's  labor  is  seen  in  the  fact  that  a  bushel  of  wheat 
is  now  produced  in  10  min.,  whereas  with  the  old  hand 
method  this  took  3  hr.  and  3  min. ;  com  is  now  produced 
in  41  min.  as  compared  with  4V^  hr.,  and  com  shelling 
has  been  reduced  from  100  min.  per  bu.  to  1  min.  To 
cut  an  acre  of  hay  once  took  11  hr.,  whereas  this  is  now 
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done  in  1%  hr.  All  this  improvement  is  due  entirely  to 
the  work  of  the  implement  as  a  part  of  farming. 

The  whole  answer  to  the  question  of  food  production  is 
mcLchinery.  It  has  become  an  invaluable  part  of  the  farm 
operator's  equipment,  and  the  tractor  comes  in  as  an 
accessory.  We  find  some  automotive  apparatus  that  has 
really  become  a  part  of  the  farm  machinery.  This  is 
particularly  true  of  the  motor  cultivator.  About  83  per 
cent  of  farm  work  is  machine  work;  that  is  about  the 
percentage  of  the  labor  put  on  a  growing  crop.  This 
makes  me  all  the  more  sure  that  farm  machinery  will 
receive  greater  consideration  from  the  builders  of  auto- 
motive apparatus.  To  the  draft  implements  as  well  as 
the  belt  machines,  there  is  a  certain  relation  we  cannot  get 
away  from.  The  tractor  is,  after  all,  just  a  means  to 
an  end,  Jt  enables  the  farmer  to  get  more  out  of  his 
implements  and  tools,  to  use  larger  units  of  these  and 
to  do  more  work  than  he  could  otherwise  in  the  same 
time. 

With  the  aid  of  all  this^  machinery  automotive  ap- 
paratus being,  if  you  will,  combined  with  it,  we 
produce  about  two-fifths  of  the  world's  wheat,  more 
than  half  of  the  cotton  and  over  three-fourths  of  the 
com.  We  are  only  one-sixteenth  of  the  human  race  and 
only  about  a  third  of  our  people  live  on  farms.  What 
we  accomplish  is  due  to  the  development  of  machinery. 
Today  one  man  can  do  the  work  that  it  took  thirty  men 
to  do  in  1880. 

Evolution  of  Agricultural  Machinery 

I  have  read  somewhere  that  the  evolution  of  machinery 
in  connection  with  agriculture  can  be  divided  into  (a) 
the  period  of  hand  methods,  when  everything  was  done 
by  man  power,  and  crudely;  (6)  the  period  of  transition, 
when  some  general  machinery  came  into  use  for  the 
heavier  work;  and  (c)  the  period  of  fully  adopted  farm 
machinery.  We  are  ready  now  to  add  another,  (rf)  the 
period  of  automotive  farm  power.  Farm  power  has  be- 
come a  part  of  agricultural  progress. 

Plowing,  it  has  been  said,  is  "the  peak  load  in  agri- 
culture." We  learn  that  it  takes  more  power  to  plow 
the  fields  each  year  than  is  used  in  the  combined  indus- 
trial plants  of  the  country  during  the  same  time.  To 
plow  even  an  acre  of  ground  with  the  common  14-in. 
walking  plow  requires  walking  SV2  miles,  and  to  cover 
1  SQ.  mile  we  have  to  walk  over  5000  miles.    The  tractor 
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is  doing  away  with  that  hard,  slow  work.  It  is  a  part 
of  the  modem  development,  a  means  to  an  end 

The  t3rpes  of  plow  in  use  are  various,  but  not  so 
numerous  as  formerly.  One  plow  manufacturer  told  me 
recently  that  formerly  he  had  over  thirty  different  typea 
of  bottoms  in  his  different  branch  houses  to  suit  the 
requirements  of  the  territories  in  which  his  product 
was  sold,  whereas  now,  since  the  tractor  has  become  a 
big  part  of  his  business,  he  has  but  six.  Special  bottoms 
have  now  become  really  a  whim  of  either  the  branch 
manager  or  the  farmer.  There  are  two  main  types  of 
plows,  the  flexible-beam,  each  beam  fastened  to  the  bottom 
independently,  and  the  rigid-beam,  all  beams  on  one  frame 
and  traveling  together.  It  has  been  found  that  where 
the  lapd  is  very  irregular  and  yet  a  constant  depth  of 
plowing  is  to  be  maintained,  the  flexible-beam  plow  gives 
better  satisfaction,  particularly  if  large  units  can  be 
used,  say  four,  six  or  eight  plows.  These,  however,  are 
very  difficult  to  adjust,  and  since  they  come  knocked- 
down,  a  pretty  good  plowman  is  required  to  set  one  up 
and  get  it  properly  adjusted  to  the  work.  The  ordinary 
rigid-beam  plow,  used  commonly  with  the  small  tractor, 
is  comparatively  simple.  There  is  but  one  way  to  set 
it  up  and  the  directions  are  explicit. 

Bottoms  vary,  of  course,  with  the  work  the  farmer 
has  to  do.  To  plow  well,  it  is  necessary  that  the  action 
of  the.  soil  on  the  plow  bottom  be  such  that  the  soil  will 
loosen  up  and  disintegrate.  In  other  words,  the  particles 
of  soil  should  separate  and  tend  to  pulverize.  This  is 
essential  and  brings  us  to  a  fuller  realization  of  the 
important  function  a  plow  has  to  perform.  It  has  cer- 
tain work  to  do.  Perhaps  this  can  best  be  likened  to 
bending  of  the  sliding  leaves  of  a  book  one  on  the  other. 
It  is  a  big  part  of  the  plow  manufacturer's  problem  to 
make  a  mold-board  of  such  shape  that  it  will  turn  the 
furrow  slice,  one  particle  on  the  other,  and  mellow  it. 

Hitching 

The  hitching  of  a  plow  to  any  sort  of  tractor  frequently 
defeats  all  the  w6rk  that  the  plowman  has  put  in  on 
the  bottom.  Perhaps  most  of  us  who  go  to  demonstra- 
tions have  noticed  this  every  year.  We  find  plows  of  the 
same  make,  in  practically  the  same  soil  and  at  same 
speed,  doing  work  of  very  different  quality.  To  any  one 
watching  the  demonstration  last  season  at  Salina,  this 
was  apparent.    The  variation  wias  caused  by  the  fact 
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that  the  plows  were  hitched  differently.  To  know  just 
how  plows  should  be  hitched  to  get  the  best  results  is 
difficult  to  determine. 

The  tractor  man,  of  course,  wants  a  hitch  in  the  cen- 
ter. That  is  ideal.  His  purpose  is  to  make  the  best 
showing  for  the  tractor.  The  plowman  wants  to  hitch 
in  what  he  calls  the  "center  line  of  draft."  The  plow 
that  has  been  designed  for  that  runs  best  and  does  its 
best  work  when  hitched  that  way.  Professor  Sanboum, 
in  some  tests  in  Missouri,  found  that  55  per  cent  of  the 
total  draft  of  the  plows  was  used  to  cut  the  furrow,  35 
per  cent  in  friction  of  the  sole  and  heel  on  the  soil  and 
10  per  cent  in  lifting  load.  At  the  Winnipeg  tests  made 
several  years  ago  two  gangs  of  men  plowed  in  adjacent 


Ttpical  E^xampls  of  Implbmbnt  Hitches 

fields,  cutting  the  same  depth  with  the  same  number  of 
bottoms,  being  checked  by  the  same  observer,  yet  the 
final  result  showed  the  draft  of  one  gang  to  be  about 
50  per  cent  more  than  that  of  the  other.  It  was  found 
to  be  a  question  of  proper  hitching  and  sharp  plows. 
The  load  on  all  three  wheels  of  the  plows  should  be  equal. 
Any  operator  can  check  this  readily  by  taking  hold  of 
the  wheels  and  slipping  them  on  the  ground,  determining 
whether  a  plow  is  set  right.  The  rear  wheel  bothers 
most  of  us.  The  draft  of  the  plow  can  ordinarily  be 
increased  as  much  as  20  per  cent  by  having  the  rear 
wheel  set  wrongly,  the  plow  riding  on  the  sole  or  the 
heel  Most  plows  have  a  loose  piece  on  the  rear  end  of 
the  land  side  that  can  be  removed  and  changed  as  it 
wears.  This  piece  frequently  rubs  on  the  bottom  of  the 
furrow.    The  tractor  operator  can  easily  adjust  the  rear 
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wheel  on  nearly  all  modem  plows;  provision  Is  made  for 
just  that  thing.  We  can  make  the  best  shovnng  by  get- 
ting a  proper  hitch  and  properly  adjusting  the  plow. 

Draft  of  Implements  and  Tractors 

The  draft  varies  all  the  way  from  3  to  in  excess  of  20 
lb.  per  sq.  in.  of  furrow  section.  In  sandy  soils,  like 
those  in  Michigan  and  around  the  lakes,  the  draft  will 
run  3  lb.;  in  some  soils  in  Illinois  and  Texas  20  lb.;  and 
in  the  West  much  more.  It  is,  therefore,  well  worth 
while  to  train  curators  to  understand  thoroughly  the 
hitching  of  the  plows.  It  is  important  that  the  plow  be 
so  set  that  the  tractor  can  do  its  best  work.  We  find 
tractors  advertised  as  two-plow,  three-plow  and  four- 
plow,  but  in  practice  in  some  conditions  "two-plow"  trac- 
tors will  hardly  pull  one  bottom.  In  other  cases  they 
can  pull  three. 

The  center  line  of  draft  on  plows  is  often  talked  of 
mysteriously.  It  is  assumed  by  most  plowmen  that  this 
center  line  of  draft  is  about  2  in.  inside  the  land  side  of 
a  bottom,  and  in  the  same  proportion  in  two,  three  and 
four-bottom  units.  Some  tests  were  made  thiff  summer 
by  Professor  White  to  find  the  center  line  of  draft  on 
a  plow;  in  other  words,  to  determine  definitely  the  point 
of  least  resistance,  rather  than  assume  it  to  be  "2-in.'' 
position.  I  had  the  privilege  of  working  with  him.  The 
test  disclosed  some  curious  things.  We  had  a  tractor 
with  a  drawbar  the  total  width  of  the  machine,  with  holes 
punched  in  it  every  2  in.  all  the  way  across;  in  other 
words,  a  drawbar  that  gave  us  an  opportunity  to  hitch 
from  the  outside  of  one  wheel  on  the  right  to  the  outside 
of  the  other  wheel  on  the  left.  The  purpose  was  to  take 
two,  three  and  four  bottom  gangs,  move  the  hitch  and 
make  dynamometer  tests  to  find  the  point  where  the  plow 
pulled  "lightest,"  the  assumption  being  that  this  would 
naturally  indicate  the  line  of  least  resistance — in  other 
words,  the  center  line  of  draft.  We  found,  however, 
that  the  hitch  by  which  the  plow  could  be  pulled  most 
easily  did  not  necessarily  determine  the  center  line  of 
draft.  The  plow  ran  lightest  when  it  was  hitched  on 
one  side,  but  the  quality  of  the  plowing  was  very  bad. 
We  found  that  this  was  due  to  the  fact  that  the  plow 
was  hitched  badly.  This  was  evident  even  in  a  photo- 
graph. It  was  such  a  poor  job  of  plowing  that  I  believe 
the  farmer  would  have  ordered  us  off  the  field  if  we  had 
not  contracted  to  do  the  work  to  his  satisfaction. 


Digitized  by 


Google 


TRACTOR  DRAWBAR  IMPLEMENTS  AND  THEIR  HITCHES      783 

This  revealed  to  us  the  importance  of  getting  the  two 
units  coupled  in  harmony.  We  found  that  one  hitch 
gave  a  draft  of  1800  lb.  on  a  four-bottom  plow.  That 
same  plow  hitched  on  the  other  side  had  a  draft  of  2395 
lb.,  an  increase  of  44  per  cent.  We  measured  the  depth 
every  40  rods  across  the  field.  In  another  case  the  de- 
crease in  the  draft  due  to  a  good  hitch  was  a  trifle 
over  80  per  cent.  We  found  that  on  one  three-bottom 
plow  the  draft  was  decreased  22.1  per  cent  by  a  good 
hitch;  on  a  two-bottom,  17.4  per  cent.  These  figures 
emphasize  the  importance  of  this  matter.  A  tractor  can 
be  made  to  show  good  or  bad  performance  simply  by 
hitching  correctly  or  incorrectly.  A  statement  of  test 
results  that  does  not  include  mention  of  the  conditions 
under  which  the  tests  were  made  is  of  little  value.  It  is 
not  convincing  to  state  thai  one  tractor  used  less  fuel 
than  another  in  plowing;  that  in  one  unexplained  case 
it  cost  7  cents  an  acre  and  in  another  12  cents.  Very 
seldom,  in  any  plowing  tests  or  demonstrations,  going 
back  even  as  far  as  the  Winnipeg  contest,  has  the  relation 
of  hitch  and  draft  been  recorded  or  considered.  I  know 
it  was  not  at  Salina  or  at  Fremont.  Even  in  the  work 
that  was  done  at  Fremont  two  years  ago,  no  record  of 
the  draft  was  kept  so  far  as  the  hitch  was  concerned.  We 
should  all  realize  that  the  point  is  important.  If  manu- 
facturers propose  to  publish  figures  of  results  of  tests  of 
this  sort,  the  item  of  hitch,  since  the  draft  can  be  so 
affected  by  it,  should  be  included. 

Not  much  work  has  been  done,  at  least  for  publica- 
tion, to  get  the  draft  of  other  implements  that  go  with 
the  tractor.  Plowing  is,  of  course,  the  big  work  the 
farmer  has  to  de,  the  work  with  which  he  is  most 
concerned;  yet  he  is  using  the  tractor  for  other  things; 
he  must  do  so  to  make  it  of  real  economic  value  to  him. 
Tractors  are  made  to  use  with  the  present  line  of  imple- 
ments, but  I  think  that  not  many  farmers  have  found 
it  profitable  to  use  a  tractor  and  two  or  three  mowers, 
with  a  man  on  the  tractor  and  one  on  each  mower.  The 
solution  of  this  part  of  the  problem  is  larger  units  for 
the  men  to  handle.  A  10-ft.  mower  instead  of  two  5-ft. 
ones  does  much  better  work,  and  better  hitches  can  be 
made  to  reduce  the  side-draft  on  the  tractor.  A  10-ft. 
disk  harrow,  just  as  sharp  as  practicable,,  required  a  790- 
Ib.  pull  to  disk-plow  ground.  A  10-ft.  pulverizer  took 
700  lb.  The  binders,  mowers  and  drags  run  very  light 
in  draft  as  compared  with  plows. 
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If  plows  are  properly  hitched,  nine-tenths  of  the  com- 
plaint of  high  cost  of  plowing  will,  I  think,  be  eliminated, 
because  we  can  then  plow  more  cheaply,  needing  less 
drawbar  horsepower  and,  of  course,  less  fuel.  The  thing 
that  appeals  to  me  most  in  the  whole  situation  is  the 
question  of  tractor  hitch  to  suit  the  implement  As  I 
have  said,  if  the  men  who  sell  tractors  would  give  more 
attention  to  the  implement  the  industry  as  a  whole  would 
gain. 


VARIABLE-SPEED  GOVERNORS 

By  W  W  Wells* 

THE  ordinary  governor  used  on  trucks  and  tractors 
is  essentially  a  one-speed  device.  It  gives  good 
results  at  one  speed,  but  at  higher  speeds  'hunting" 
develops  and  at  lower  speeds  governing  is  less  accu- 
rate. This  is  because  the  spring  must  be  stiff  enough 
for  maximum  speed,  and  hence  four  times  stiffer  than 
it  should  be  for  half  speed. 

The  paper  shows  by  calculations  and  curves  the  best 
results  that  can  possibly  be  obtained;  also,  curves  from  a 
test  showing  what  results  are  actually  obtained  with 
one  well-known  governor.  Two  new  types  of  governor 
are  described,  in  which  the  position  of  the  spring  is 
varied  for  different  speeds.  Theoretical  curves  also  are 
presented  and  the  results  of  tests,  indicating  that  the 
new  types  produce  the  same  character  of  curve  at  800 
as  at  1600  r.p.m. 

Some  years  ago,  I  think  in  1903,  while  I  was  em- 
ployed by  the  Ball  engine  people,  they  equipped  some 
engines  intended  for  use  in  a  paper  mill  with 
a  governor  that  was  adapted  to  allow  the  engine  to  run 
at  a  variety  of  speeds.  This  was  done  by  taking  an 
ordinary  Pickering  governor  and  driving  it  by  a  speed- 
changing  pulley.  As  I  recall  it,  the  requirements  of  the 
paper  mill  were  that  the  engine  should  be  able  to  govern 
through  a  wide  range  of  speeds.    With  the  speed-chang- 
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ing  pulley  the  ratio  of  the  drive  between  the  engine  shaft 
and  the  governor  could  be  varied,  and,  since  it  was  the 
speed.of  the  governor  shaft  that  determined  the  position 
of  the  throttle,  the  governor  shaft  ran  always  at  the 
same  speed,  while  the  engine  ran  anywhere  from  per- 
haps 600  to  200  r.p.m. 

I  wish  to  call  your  attention  in  the  first  place  to  the 
formula  for  centrifugal  force.     This  is 

F  =  0.0000284  WRN",  in  which 
W  =  weight  in  pounds 

R  =  radius  or  distance  from  the  axis  in  inches 
N  =  number  of  r.p.m. 

When  we  design  a  governor,  W  becomes  constant  and 
R  varies  according  to  the  position  of  the  throttle.  With 
the  weights  in  the  inner  position  the  throttle  is  open,  and 
the  weights  move  out  a  certain  amount  in  closing  the 
throttle;  hence  R  varies  within  a  definite  range.  The 
force  varies  also  as  the  square  of  the  number  of  revolu- 
tions. If  we  are  figuring  on  one  speed  only,  all  the  fac- 
tors except  R  become  constant  and  our  problem  is  com- 
paratively simple,  because  we  can  make  a  spring  the 
pull  of  which  will  increase  at  the  same  rate  as  R  in- 
creases. If,  however,  we  want  to  govern  accurately  at 
different  speeds,  our  spring  must  have  characteristics  for 
the  high  speed  which  differ  from  those  for  the  low  rate. 
Since  the  force  varies  as  the  square  of  the  number  of 
revolutions,  if  we  double  the  speed  we  quadruple  the 
force,  and  since  the  centrifugal  force  is  balanced  by  the 
spring,  we  must  quadruple  the  spring  pressure.  As  the 
increase  in  centrifugal  force,  due  to  the  increase  in  R, 
is  four  times  as  great,  we  need  a  spring  that  is  four 
times  as  stiff.  Doubling  the  speed  requires  a  spring 
pressure  four  times  as  great  and  a  spring  stiffness  four 
times  as  great. 

Most  governors  are  adjustable,  that  is,  you  can  in- 
crease or  decrease  the  pressure  on  the  spring,  but  the 
stiffness  remains  the  same  and  is  correct  for  but  one 
speed.  To  make  this  a  little  more  concrete,  let  us  assume 
that  we  have  two  weights  of  exactly  1  lb.  each  and  that 
when  they  are  in  their  inner  position  they  are  1  in.  from 
the  axis  and  in  their  outer  position  the  center  of  gravity 
is  1%  in.  from  the  axis.  Assume  also  that  the  leverage 
with  which  the  weights  act  on  the  spring  is  unity;  then 
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the  pressure  on  the  spring  will  be  exactly  equal  to  the 
sum  of  the  centrifugal  force  of  the  two  weights. 

Let  Pc  and  Po  represent  the  force  exerted  by  the  spring 
when  the  throttle  is  closed  and  open  respectively.  Then, 
since 

P  =  F  W  =  2 

Rc  =  l^  and  Ro  =  l 

we  can  substitute  these  values  in  the  formula  for  cen- 
trifugal force  (F  =  0.00002S4WRN')  and  we  shall  have 
for  this  arrangement  of  weights 

Pc  =  0.0000852  Nc*  (1) 

Po  =  0.0000568  No*      .  (2) 

If  we  wish  this  governor  to  control  the  speed  within  2 
per  cent  when  the  idling  speed  is  1600  r.p.m.,  we  will 
make  Nc  1600  and  No  1568.  Substituting  in  equations 
(1)  and  (2)  we  have  Pc  =  218;  Po  =  140;  hence 

Pc—  Po  =^  78. 

Since  the  movement  of  the  spring  is  ^  in.,  its  stiffness 
should  be  156  lb.  per  in.  For  convenience  let  us  use  a 
160-lb.  spring.  This  will  cause  a  drop  in  speed  of  about 
2V2  per  cent;  then 

Pc^Po  =  80  (3) 

Equation  (8)  holds  as  long  as  we  use  a  160-lb.  spring, 
and  these  three  equations  will  enable  us  to  calculate  the 
variation  in  speed  as  the  load  varies  for  any  setting. 
The  table  shows  the  results  for  a  number  of  different 
settings.  When  set  to  run  idle  at  1599  r.p.m.,  the  speed 
falls  to  1558  when  the  throttle  is  wide  open.  We  could 
tighten  the  spring  enough  to  make  the  idling  speed  1700 
r.p.m.;  the  speed  under  load  would  then  be  1709,  and 
we  should  have  an  extreme  case  of  hunting,  since  we 
would  be  trying  to  make  the  engine  run  faster  when  fully 
loaded  than  when  idle.  If  we  back  off  the  spring  ad- 
justment to  make  the  idling  speed  1400  r.p.m.,  it  dropc 
to  1237  under  load.  If  set  to  idle  at  800  r.p.m.,  the 
throttle  never  gets  wide  open. 

Throttle  Opening  and  Engine  Power 

This  is  liOt  the  whole  story,  however.  The  case  is  not 
quite  as  bad  as  it  looks,  due  to  the  fact  that  it  is  not 
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Diagram  Showing  Typical  Relation  of  Governor  Weights  and 

Spring 


necessary  to  have  the  throttle  wide  open  at  low  speeds 
to  get  almost  the  full  power  of  the  engrine.  In  making  a 
test  of  a  governor  in  which  a  butterfly  throttle  was  used, 
we  measured  the  position  of  the  arm  operating  the  throt- 
tle at  each  reading  and  found  that  when  the  weights 
had  moved  a  quarter  way  out  the  engine  was  developing 
about  20  hp.  whether  the  speed  was  800  or  1600  r.p.m., 
and  with  the  weights  half-way  out  the  power  was  30 
hp.  or  mor^  at  speeds  above  1000  r.p.m.  When  the 
weights  were  three-quarters  out  and  the  throttle  three- 
fourths  open  we  had  very  nearly  the  full  power  of  the 
engine.  I  have  made  calculations  for  five  different 
throttle  positions  by  taking  three  points  equally  spaced 
between  open  and  closed  positions,  i.e.  making  Ro  =  1  in. ; 
R,  =  IVs  in.;  R,  =  1%  in.;  R,  =  1%  in.;  Re  =  iy2  in., 
and  Po  4-  20  =  P.;  P.  -f  20  =  P„  etc.,  and  find  that  when 
set  for  an  idling  speed  of  1699  r.p.m.  we  have  1592  r.p.m. 
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Curve  op  Theoretical  Rbsitlts  of  Several  Different  Oovernor 

Settings 


with  throttle  one-quarter  open,  1583  at  half  throttle  and 
1558  with  open  throttle.  These  values  if  plotted  show  a 
drop  of  7  r.p.m.  at  20  hp.,  16  at  35  hp.  and  41  at  full  load; 
a  total  range  of  2V^  per  cent.  At  1500  r.p.m.  the  total  drop 
is  97  r.p.m.  or  6V2  per  cent,  at  1400  r.p.m.  111/2  per  cent, 
and  when  idling  at  1000  r.p.m.  the  speed  falls  off  to  296 
r.p.m.  under  load.  The  curve,  however,  instead  of  being 
a  nearly  horizontal  straight  line,  takes  the  form  shown, 
because  the  power  runs  up  to  20  hp.  during  the  first 
quarter  of  the  throttle  movement. 

What  I  want  to  call  your  attention  to  here  is  the  fact 
that  it  is  impossible  to  govern  anywhere  near  as  closely 
at  reduced  speeds  as  at  the  speed  for  which  the  governor 
is  designed,  although  this  defect  is  minimized  somewhat 
by  the  fact  that  we  do  not  need  full  throttle  opening  at 
low  speeds. 

Now  the  above  is  theory,  but  it  represents  a  limit 
that  we  cannot  hope  to  exceed  with  the  usual  method  of 
mounting  the  spring.  Another  set  of  curves  shown 
represents  practice,  the  results  of  a  test  of  a  well-known 
engine  with  its  governor  adjusted  for  maximum  and 
minimum  speeds.  The  shape  of  these  curves  is  not  ideal 
and  no  doubt  can  be  improved  considerably;  what  I  am 
concerned  with  is  the  fact  that  when  set  for  maximum 
speed,  the  upper  part  of  the  curve  is  nearly  vertical,  while 
at  the  low-speed  setting  the  inclination  is  very  marked. 
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Increase, 

Throttle, 

Open 

% 

H 

% 

Closed  percent 

Speed,  r.p.m 

.,  1,709.5 

1,706.1 

1,703.3 

1,701.1 

1,699.2   —0.6 

1,558.6 

1,572.4 

1,583.3 

1,592.2 

1,599.6       2.5 

1,404.2 

1,437.2 

1,461.5 

1,484.0 

1,501.2       6.4 

1,237.0 

1,294.0 

1,336.0 

1,372.0 

1,400.0      11.6 

860.0 

985.0 

1,074.0 

1,129.0 

1,196.0     24.0 

296.0 

625.0 

796.0 

912.0 

999.0     70.0 

28.0 

459.0 

669.0 

803.0     .... 

The  governing  is  satisfactory  at  high  speed  and  heavy 
loads  but  poor  at  low  speed  for  all  loads. 

Let  us  go  back  to  equation  (3)  representing  the  varia- 
tion in  spring  pressure  due  to  movement  of  the  weights. 
This  holds  no  matter  how  the  governor  may  be  set,  be- 
cause the  spring  has  the  same  stiffness  under  all  loads. 
It  takes  20  lb.  to  compress  it  the  first  Vs  in.  and  an  addi- 
tional 20  lb.  for  every  added  %  in.,  and  its  movement  is 
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always  ^  in.  as  the  throttle  moves  from  open  to  closed 
positions.  For  isochronous  governing  Nc  =  No,  there- 
fore, from  (1)  and  (2),  Pc/Po  =  1%,  or,  in  general 
terms,  the  ratio  of  Pc  and  Po  must  be  a  constant,  but 
from  (8)  we  see  that  the  difference  is  a  constant.  Both 
of  these  conditions  can  be  satisfied  at  only  one  speed.  To 
get  a  governor  that  will  govern  accurately  through  a 
wide  range  of  speeds  we  might  (a)  use  a  spring  that  is 
stiff er  under  heavy  loads  or  (6)  mount  the  spring  in  such 
a  way  that  it  will  be  moved  farther  at  high  speeds  than  at 
low  ones.  Either  method  will  get  away  from  equation  (3). 
I  have  made  some  sketches  of  a  governor  of  the  first 
type,  but  have  not  as  yet  built  any  that  way.  We  have 
worked  out  two  slightly  different  designs  in  which  the 
travel  of  the  spring  varies  according  to  the  speed  at 
which  the  engine  is  running.  One  of  these  has  been  in 
use  on  the  Clydesdale  trucks  for  a  number  of  years.  6ur 
weights  are  inside  the  housing  and  are  very  similar  to 
those  you  find  in  almost  any  fiyball  governor.  The  shaft 
carrying  the  arm  seen  at  the  right  is  connected  at  the 
other  end  to  the  throttle  in  the  carbureter.  Clockwise 
motion  opens  the  throttle.  The  Centrifugal  force  of  the 
weights  tends  to  rock  the  shaft  in  a  counter-clockwise 
direction.  The  spring  is  attached  to  the  lower  end  of 
this  arm  and  its  other  end  is  carried  by  the  upper  end 
of  the  lever  at  the  left.  This  lever  rocks  on  a  fixed 
support  at  its  lower  end.  Moving  this  lever  to  the  left 
stretches  the  spring  and  at  the  same  time  moves  it 
away  from  the  shaft,  so  that  the  leverage  with  which 
it  acts  on  the  shaft  is  increased.  This  increase  in  lever- 
age has  the  same  effect  on  the  rocker-shaft  as  increasing 
the  stiffness  of  the  spring  would  have  if  there  were  no 
change  in  leverage.  I  have  spoken  of  the  extension  of 
the  spring  as  being  greater  at  high  speeds  than  at  low. 
In  this  case,  with  the  spring  lever  set  for  high  speed,  the 
spring  is  stretched  23/32  in.  as  the  throttle  closes,  while 
at  the  low-speed  setting  it  is  only  11/32  in.  If  we  allow 
the  spring  lever  to  swing  to  the  right  until  the  center 
line  of  the  spring  intersects  the  axis  of  the  shaft  we  will 
have  a  spring  movement  of  0  in.,  leverage  0  in.,  spring 
pull  0  lb.,  and  speed  0  r.p.m. 

Test  Results  of  Two  Types  of  Governor 

The  test  proved  that  this  governor  is  not  quite  as  well 
proportioned  as  it  might  be,  and  I  have  since  made  some 
calculations  on  another  governor  of  this  type  in  which  I 
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expect  to  get  better  results.  This  too  is  theory;  it  has 
not  yet  been  reduced  to  practice.  This  shows  for  the 
idling  position,  one-quarter  throttle  opening,  one-half, 
three-quarters  and  full-open  throttle,  1616,  1605,  1590, 
1555  and  1480  r.p.m.  This  means  8V^  per  cent  total  vari- 
ation. At  another  setting  the  speeds  are  1159,  1141, 
1118,  1086  and  1028  r.p.m.,  or  liy2  per  cent  variation. 
At  600  r.p.m.  v^e  get  21  per  cent  variation,  but  we  use 
only  half  of  that,  since  we  do  not  require  the  full  open- 
ing of  the  throttle  at  that  speed.  It  may  be  possible  to 
straighten  out  these  curves  by  rearranging  the  parts 


Details  of  a  New  Typb  of  Governor 


connecting  the  weights  to  the  throttle  so  as  to  make  the 
movement  of  the  weights  more  nearly  proportional  to 
the  power  the  engine  develops. 

But  to  return  to  practice.  A  test  of  our  present  ten- 
sion spring  design  of  governor  gives  results  as  shown. 
The  shape  of  these  curves  is  not  ideal,  but  it  is  about  as 
good  as  any  governor  curves  that  I  have  seen.  Notice, 
however,  that  the  shape  of  the  curves  for  1600,  1400, 
1200,  1000  and  800  r.p.m.  is  almost  identical.  There  is 
one  feature  of  the  design  that  may  prevent  us  from  get- 
ting ideal  result?  at  all  speeds,  and  that  is  the  fact  that 
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Theoretical  Results  with  a  New  Type  of  Governor 


the  distance  from  the  axis  of  the  rocker-shaft  to  the 


center  line  of  the 

spring 

varies 

somewhat  as 

the  arm 

changes  its  position. 

f 

Increase, 

Throttle,        Open 

% 

% 

y* 

Closed 

per  cent 

Speed,  r.p.m.,  1,868 

1,954 

1,988 

2,000 

2,001 

6.5 

1,480 

1,555 

1,590 

1,605 

1,616 

8.5 

1,028 

1,086 

1,118 

1,141 

1,159 

11.5 

512 

554 

588 

623 

654 

21.0 

There  is  one  result  shown  by  this  test  for  which  I  have 
no  satisfactory  explanation.  The  broken  line  shows  the 
horsepower  curve  with  the  governor  disconnected  and  the 
throttle  held  wide  open.  Each  test  with  the  governor  was 
made  by  increasing  the  load  until  the  throttle  was  wide 
open,  and  in  most  cases  until  the  speed  was  reduced  to 
500  r.p.m.  or  less.  The  gasoline  consumption  was  de- 
termined at  each  reading  and  the  results  are  plotted  on 
the  diagram.  The  broken  line  shows  results  with  the 
governor  disconnected,  the  lowest  value  being  0.82  lb. 
per  hp.-hr.  The  full  lines  show  results  with  the  governor 
controlling  the  throttle,  the  lowest  value  being  0.70  lb. 
per  hp.-hr.,  and  it  is  only  after  the  throttle  is  about  half 
closed  that  the  consumption  exceeds  that  shown  with  the 
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governor  disconnected.  We  do  not  claim  a  12  per  cent 
increase  in  fuel  economy,  although  these  figures  seem  to 
prove  it.  I  had  thought  that  this  result  might  be  ex- 
plained on  the  ground  that  the  carbureter  is  less  efficient 
when  the  throttle  is  v^ide  open  than  v\^hen  nearly  but 
not  quite  wide  open,  but  a  number  of  these  runs  were 
made  with  the  governor  holding  the  throttle  wide  open 
and  yet  reducing  the  fuel  consumption. 

We  call  this  governor  a  "controller"  to  convey  the 
idea  that  it  does  more  than  the  ordinary  governor  used 
on  motor  trucks,  and  because  it  has  complete  control  of 
the  throttle  at  all  times.  It  is  connected  directly  to  the 
throttle  in  the  carbureter.  We  use  no  auxiliary  throttle. 
The  driver  has  no  control  of  the  throttle  except  through 
the  controller.  He  sets  his  lever  for  the  desired  speed 
and  then  leaves  the  controller  to  manage  the  throttle. 
The  spring  lever  is  connected  by  a  rock-back  to  the  ac- 
celerator and  to  the  throttle-lever  on  the  steering-gear, 
so  that  the  operation  of  a  truck  equipped  with  this  gov- 
ernor is  practically  the  same  as  on  any  truck  where  you 
have  a  combination  of  a  hand-controlled  throttle  and  a 
foot  accelerator.  If  you  are  driving  at  a  uniform  rate  on 
level  road  you  might  not  realize  that  you  had  anything 
unusual,  but  when  you  strike  a  grade  the  truck  keeps 
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going  at  the  same  ^peed  without  any  adjustment  of  the 
levers,  and  when  you  reach  a  down  grade  or  throw  out 
the  clutch  the  engine  does  not  speed  up.  The  driver  uses 
the  lever  to  change  the  speed  instead  of  to  change  the 
power.  This  is  exactly  the  design  that  has  been  used  on 
the  Clydesdale  trucks  since  1914.  This  governor  is 
mounted  on  the  Continental  model  C  or  model  E  en- 
gines without  any  change  in  the  design  of  the  engine 
or  any  additions. 

We  are  jiow  building  the  slightly  modified  form 
illustrated  for  use  on  the  Continental  model  B 
engine,  which  is  the  engine  used  on  the  Class  B 
Government  truck.  We  remove  the  spring  ordi- 
narily furnished  with  the  governor,  put  in  new  weights 
and  a  compression  spring  working  in  a  guide  and  operat- 
ing through  a  roller  on  a  cam  surface  on  the  lever.  The 
full  lines  show  the  spring  in  the  high-speed  position. 
Here  the  spring  is  compressed  considerably  and  is  act- 
ing on  the  lever  at  some  little  distance  from  the  fulcrum; 
hence  it  has  considerable  leverage.  The  spring  and  its 
housing  are  carried  on  a  shaft  that  extends  through  the 
houiing  to  a  lever  on  the  outside,  which  connects  with 
the  accelerator  and  hand  lever  on  the  steering-gear.  Re- 
leasing the  pull  on  this  lever  allows  these  parts  to  swing 
back  to  the  position  shown  by  broken  lines;  here  the 
spring  is  compressed  but  little  and  is  eating  at  a  short 
distance  from  the  fulcrum  of  the  lever.  This  is  the  low- 
speed  position.  We  are  just  beginning  to  sell  trucks  vnth 
this  type  and  have  not  yet  made  a  dynamometer  test. 
So  far  as  we  can  judge  by  the  behavior  of  the  truck,  it  is 
equal  to  the  other  tjrpe,  and  I  believe  can  be  made  to  give 
slightly  better  results. 

Each  of  these  types  is  provided  with  a  stop  screw  that 
determines  the  maximum  speed.  When  testing  the  truck 
we  set  this  stop  for  the  speed  limit  desired  and  fasten 
it  with  a  seal.  Some  of  you  are  probably  thinking  that 
the  exposed  working  parts  seen  in  the  first  tjrpe  give  a 
reckless  driver  a  chance  to  hitch  something  on  that  will 
enable  him  to  drive  faster  than  the  maximum  for  which 
the  governor  is  set.  The  fact  that  the  driver  has  no  con- 
trol of  the  engine  except  through  the  controller  reduces 
this  temptation  considerably.  If  he  puts  it  out  of  use  he 
must  rig  up  some  other  means  for  controlling  the  throt- 
tle. However,  the  drivers  seem  to  like  the  controller  very 
well.  The  design  just  described  is  completely  housed, 
and  the  other  could  be  so  protected  but  not  quite  as  easily 
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THE    DISCUSSION 

Chairman  H.  C.  Bupfington  :— Mr.  Wells  has  de- 
scribed something  that  is  extremely  interesting.  There 
are  many  places  where  governing  at  a  certain  speed  is 
desirable ;  for  instance  in  threshing,  where  pulleys  are  of 
different  diameters  and  whatever  is  being  operated  is 
running  faster.  Here,  it  seems,  the  engine  can  be  slowed 
down  and  still  maintain  a  governing  speed. 

Mr.  Wells: — I  would  like  to  ask  one  question.  I  no- 
tice in  one  of  the  tractor  indexes  under  specifications  of 
tractors  built  in  Minneapolis,  that  the  belt  speeds  vary 
from  2000  to  something  like  4700  ft.  per  min.  The 
S.  A.  E.  Standard,  I  understand,  is  2600  ft.  per  min.  Is 
the  one  speed  satisfactory,  and,  if  so,  why  is  it  not  more 
commonly  used? 

Chairman  Buffington  :— I  think  that  every  firm 
manufacturing  tractors  is  trying  to  get  to  that  one  speed. 
It  must  be  remembered  that  this  standard  has  been  in  ex- 
istence for  a  short  time  only.  It  will  take  longer  to  con- 
sider and  adopt  it.  I  would  like  to  ask  just  where  a 
variable-speed  governor  will  be  worth  the  extra  cost? 
The  simpler  a  governor  is,  the  fewer  the  moving  parts, 
the  more  desirable  it  is,  and  one  that  will  govern  within 
10  per  cent  will  usually  be  satisfactory.  On  trucks  a 
sensitive  governor  is  not  wanted  for  the  reason  that  when 
stalled  it  is  desirable  to  have  the  engine  speed  up  a  little. 

Mr.  Wells: — In  one  design  of  engine  I  have  recently 
figured  on,  the  additional  cost  would  be  for  the  spring 
lever  and  the  boss  to  mount  it  on.  The  governor  already 
has  the  rocker-shaft,  the  lever  on  the  rocker-shaft  which 
is  connected  with  the  throttle  and  the  spring  attached 
to  the  lever.  It  has  a  control  quite  similar  to  that  used 
on  a  well-known  tractor,  which  is  entirely  through  the 
governor,  with  only  one  throttle,  the  one  in  the  carbu- 
reter, but  instead  of  the  lever  arrangement  that  we  use 
it  has  a  spring  that  pulls  straight  back.  This  means  that 
the  control  ia  similar  to  ours  but  that  the  accuracy  of  the 
governing  at  low  speed  is  decreased. 

A.  F.  Moyer: — In  designing  the  ordinary  governor 
you  run  into  hunting  at  high  speeds  and  poor  regulation 
at  low  rates.  I  believe  that  in  arranging  the  spring  to 
change  the  leverage  for  different  conditions,  Mr.  Wells 
has  something  valuable. 

Mr.  Wells: — How  much  of  a  demand  is  there  for 
variable  speeds  in  tractor  work?     If  tl^ej*e  ig  as  much 
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variation  in  land  conditions  elsewhere  as  we  have  in 
Michigan,  some  variation  in  speed  would  seem  to  be  de- 
sirable, as  well  as  some  changes  in  speed  for  belt  work. 
One  belt  speed  can  hardly  be  entirely  satisfactory  for  all 
belt-driven  machines  any  more  than  one  speed  is  adapted 
to  all  kinds  and  conditions  of  soil  and  all  kinds  of  farm 
work. 

W.  J.  McVicker: — A  chance  to  regulate  speeds  might 
be  desirable  in  some  cases,  especially  in  com  plowing. 
There  it  is  needed  in  going  across  a  field  at  2  to  8  miles 
per  hr.  That  is  about  the  only  place  I  can  think  of  where 
it  would  be  needed. 

Chairman  Buppington  :— In  plowing  work  I  would  be 
afraid  of  the  variable-speed  governor,  because  when  you 
throttle  an  engine  down  you  are  overloading  it.  Natur- 
ally, a  farmer  will  put  on  all  the  plows  he  can  at  the 
recommended  governing  speed  of  the  machine.  He  will 
not  use  two  plows  at  2  miles  an  hr.  when  he  can  plow  3 
miles  per  hr.  I  can  see  that  variable  speed  is  desirable 
in  belt  work  where  a  fine-haired  adjustment  is  demanded, 
but  I  question  the  cost.  If  there  is  to  be  little  or  no 
difference  in  cost  and  no  more  working  parts  are  re- 
quired, I  should  not  hesitate  to  endorse  it. 

H.  W.  Adams: — I  did  considerable  operating  a  few 
years  ago  while  with  a  company  that  had  a  tractor  with 
a  variable-speed  governor.  The  speed  could  be  changed, 
as  Mr.  Wells  has  described,  from  the  driver's  seat,  and  it 
was  one  of  the  finest  things  I  ever  saw  in  a  tractor.  In 
plowing  many  different  conditions  of  soil  are  met ;  some- 
times you  are  in  rocks  and  sometimes  in  stumps.  If  you 
have  a  one-man  machine  and  come  to  a  rough,  rocky  spot, 
you  want  a  governor  that  can  be  set  for  from  ^  to  2 
miles  per  hr.  The  Twin  City  engine  made  a  few  years 
ago  had  a  governor  that  could  be  changed  from  the  seat. 
I  believe  that  when  Mr.  McVicker  was  out  in  the  coun- 
try he  satisfied  himself  that  it  was  a  good  thing.  I, 
personally,  think  it  is  very  desirable  that  the  operator 
have  some  means  of  changing  the  speed.  If  you  can 
set  a  tractor  to  run,  say,  1  mile  per  hr.,  you  can  go  back, 
attend  to  the  plows  and  pull  out  the  rocks.  You  do  not 
want  the  machine  to  stop;  you  want  it  to  creep.  Mr. 
Wells  has  something  that  is  worth  considerable  to  tractor 
manufacturers.  I  know  it  will  meet  with  favor  among 
the  farmers,  especially  in  uneven  country.  I  believe  it 
is  a  good  thing. 

Mr.  Wells: — ^What  Mr.  Adams  has  said  is  right  along 
the  line  of  my  experience.    I  had  one  field  made  up  of 


Digitized  by 


Google 


798  THE  SOCIETY  OP  AUTOMOTIVE  ENdNEEBS 

boulders  and  there  I  had  the  horses  travel  very  slowly  to 
save  my  ribs.  In  another  field  with  light  soil  and  not 
a  boulder,  I  could  put  on  a  sulky  plow  and  three  horses 
and  make  them  walk  right  along.  There  must  have  been 
a  difference  of  50  per  cent  in  the  speed  under  those 
conditions.  I  find  myself  questioning  another  condition. 
I  have  never  operated  a  tractor  plow.  When  the  plow 
comes  out  of  the  ground,  do  you  have  to  manipulate  the 
throttle  or  do  you  set  it  in  the  position  for  maximum 
speed  so  that  the  governor  will  act?  Would  it  not  be 
more  convenient  at  the  turns  to  reduce  the  speed  but 
still  have  it  on  to  take  up  the  load? 

Mb.  Adams: — In  a  large  machine  with  a  number  of 
plows  and  even  where  there  is  an  extra  man,  the  tractor 
is  generally  throttled  down  to  run  slowly  and  give  the 
operator  a  chance  to  drop  the  plows.  In  that  case  it 
would  be  a  good  idea  to  have  the  governor  maintain  con- 
stant speed  while  the  operator  goes  back  to  put  in  the 
plows  and  then  jumps  on.  I  believe  it  would  be  a  good 
thing  both  in  putting  the  plows  into  and  taking  them  out 
of  the  ground,  especially  on  a  one-man  machine. 

Mb.  McVickeb: — The  greatest  objection  is  that  most 
engines  are  efficient  at  one  speed  only,  and  when  you 
change  this  they  operate  at  lower  efficiency. 

Chaibman  Buppington  :— I  am  very  glad  Mr.  Mc- 
Vicker  brought  that  point  out.  In  designing  a  tractor 
engine  it  is  desirable  to  have  the  revolutions  just  above 
the  point  of  maximum  torque,  so  that  when  the  engine 
has  a  maximum  load  it  still  maintains  maximum  torque. 
Below  maximum  torque  the  engine  is  overloaded  and  will 
pound.  An  engine  operated  at  a  speed  of  400  r.p.ra.  is 
below  its  maximum  torque  and  is  overloaded. 
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